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PREFACE. 



The following pages contain practical details of the 
installation and running of Electrical Plant aboard 
Ship. While a considerable proportion of the whole 
is allotted to the treatment of such subjects as the use 
of electricity in ships of war, and its application to 
navigating purposes in the mercantile marine, the 
greater portion is devoted to the electric lighting of 
steamers. 

This is a subject which has within a short recent 
period assumed very considerable importance. While 
electric lighting has at length proved itself suitable 
for every kind of illumination, its rapid adoption for 
steamships indicates its special adaptability to that 
purpose. The difficulties and dangers of the old 
system of lighting by oil lamps doubtless led in the 
first instances to the trial of electricity aboard ship. 
There were many dismal predictions of failure, none 
of which, happily, have been fulfilled. Electric ship- 
lighting is unquestionably a safe method of lighting. 
It adds immensely to the comfort of ocean-going 
passenger steamers. It assists below decks in main- 
taining the purity of the atmosphere— always a source 
of difficulty in ships carrying emigrants. It generally 
permits of insurances being effected at diminished 
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outlay. In many instances the light is cheaper than 
that from oil ; and, finally, the sumptuous furnishings 
of large ocean liners owe no small part of their 
striking effect to the judicious use of the incandescent 
lamp for illumination. 

In the Introduction an attempt has been made to 
elucidate in simple language the main characteristics 
of electric lighting, in so far as they may be expected 
to concern the mechanical sea-going engineer, who 
has his ordinary duties augmented by a call to take 
charge of the lighting arrangements. Chapters I. to 
IV. deal with the pre-arrangements for electric 
lighting necessary on the part of the ship-builder, 
and the class of plant generally used for sea-going 
purposes. Chapter V. is devoted to the handling of 
search and signal lights for men-of-war, and lamps 
for cargo purposes. Chapter VI. contains details, 
on a practical basis, of the fitting of ships with the 
distributing system ; while Chapters VII., VIII., and 
IX. are devoted to testing, overhauling, and acces- 
sories generally, the methods used at the present time 
being strictly adhered to. 

Finally, in Chapter X. full details will be found of 
the installation now in use aboard the White Star 
Line ship MajesHcy under the care of Chief-elec- 
trician McKay, to whom the Author is indebted for 
many interesting particulars relating thereto. An 
illustration of this fine steamship is given as a frontis- 
piece to the work. 
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INTRODUCTION. 
fflNTS TO ENGINEERS IN CHARGE. 

Theory of the Electric Light. — However desirable 
it may be to study thoroughly the fundamental 
facts underlying the production and application of 
the electrical current to lighting purposes, it is cer- 
tain that a large proportion of those in whose charge 
the necessary plant is placed have neither the in- 
clination nor the leisure to take up the subject with 
an earnest intention to master it. So it is, indeed, 
with reference to many other applications of elec- 
tricity* The man who manipulates the instruments 
or machines remains, unfortunately, ignorant of the 
principles underlying them. So long as he is capable 
of "getting out of the tight places," or, in other 
words, overcoming the difficulties that arise in prac- 
tice, he is content. We may deplore this indi£fer- 

B 



2 INTRODUCTION. 

ence, the more so as the effects of it fall entirely upon 
the class of men concerned, but it appears almost 
hopeless to induce the ordinary workman to enter 
upon a course of study, however short. This is the 
more noticeable in men who have entered upon the 
real work of life, and who are burdened by other cares. 

But there are many encouraging exceptions. 
Young men who are but beginners are a hopeful 
class, and so are many others who have a natural 
bent for inquiry. 

It is an unfortunate circumstance that the study of 
electricity is generally presented to the beginner in an 
awe-inspiring form. There is a greater or less effort 
to grasp the whole vast subject within the circum- 
scribed limits of a few difficult pages of a text-book. 
There is seldom an effort to dissect the subject, and 
to impart an idea of the principles underlying one of 
its members at a time. When we add to this the 
obvious discouragement of physical and mechanical 
analogies^ so prominent a feature of text-books, it is 
little wonder that many are discouraged at the 
outset. Minds trained to deal with and grasp things 
in place of abstractions dwelling chiefly in the brain, 
find it difficult to conceive these abstractions as 
governing a physical force like electricity. 

We have small sympathy with the individual who 
bespeaks himself as a practical man, and who pre- 
tends to ignore what he is pleased to call "mere 
theory." Ignorance of the grossest sort generally 
dwells therein ; but it is impossible to be indifferent 
to the natural outcroppings of the mechanical en- 
gineer's ideas of electricity when he speaks freely of 
electro-motive force as " pressure," and of current as 
"flow." After all, if it be proved that there is np 



HYDRAULIC ANALOGY. 3 

pressure^ in that sense, nor yet sxiy JloWy of that sort, 
yet the idea, it must be admitted, is not so very mis- 
leading to the man of application. And such harm- 
less analogies are, we submit, of great assistance to 
beginners, and frequently lead to their gaining a 
still deeper knowledge. The older physicists pro- 
fessed a horror of all such analogies, foretelling dire 
results if they gained a footing amongst students. 
But it is encouraging to see leading lights like Drs. 
Fleming, Thompson, Lodge, and Ayrton, not only 
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Fig. I. — Diagram of the Hydraulic Analogy. 



countenancing mechanical analogies, but inventing 
new and ingenious applications of them. 

Hydraulic Analogy of the Electrical Current. — We 
offer no apology for attempting to speak to the 
mechanical engineer in his own language, and to 
present to him an idea of the electric lighting current 
based upon the analogy of water circulating in a 
pipe. It is only necessary that he should be on his 
guard to remember that in electricity we have no 
gubstance flowing and no pipe to contain it. 
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The dynamo, Fig. i, may be regarded as a centri- 
fugal pump. It impels an invisible force through a 
wire instead of a visible substance through a pipe. 
But the efiFect may be taken as the same. The dynamo 
impels a flow, at a certain pressure, in the conducting 
system. The discharge-pipe of our electrical pump 
is carried in a circuit to the farthest point where a 
lamp is required and back to the pump, being con- 
nected there to the suction opening. 

If the pump and the pipes be full of water, the 
rotation of the former will obviously cause a circu- 
lation of the water in the pipe. A certain amount of 
energy will be wasted by the pump. It will be 
expended entirely upon the friction of the water 
moving in the pipe. Within the pipe, then, will be a 
"continuous current" of water. If a little water- 
motor be fixed in the circuit of the flow, it will spin 
around as fast as the movement of the liquid will 
impel it. The motor will add a certain amount to the 
expenditure of energy by the pump. Another and 
another motor may be fixed upon the water circuit, 
and the only effect will be to put more and more 
work upon the pump. The motors will work just as 
fast as the pump is capable of circulating the water. 
This is nearly the kind of effect that takes place in 
an arc electric-lighting installation. The engine 
that moves the pump is the prime motor ; the pump 
is the dynamo ; the pipe is the cable or wire, and the 
water-motors represent the arc-lamps. The friction 
or impediment experienced by the moving water has 
a certain analogy to the resistance offered by an 
electrical conductor. This resistance or friction, in 
the case of water, is increased as we add motor 
after motor to the circuit. 
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Such a dynamo would be called a contintums 
current dynamo. The circuit is a simple single 
circuity and the distribution of the lamps upon it is 
called series distribution. It would as a whole be 
correctly termed arc lighting on the continuous 
current series system. This method is largely used 
in the lighting of docks and warehouses, and in 
running arc lamps aboard men-of-war. It is not used 
for the working of incandescent lamps. 

An arc lamp consists of an arrangement for holding 
and controlling a pair of carbon or graphite rods, 
end to end. When the current passes through the 
rods a light appears at the point of contact. If the 
ends of the rods be separated a short distance, the 
light will become much more intense, and will appear 
as a flame. So long as the carbons are kept the 
correct distance^apart, the flame, which is termed an 
electrical arc, remains steady. The carbons are slowly 
consumed. That from which the current flows burns 
away the faster. It is the function of the electrical 
device called an arc lamp to maintain the carbon 
rods a constant distance apart. 

Analogy respecting Pressure and Flow. — It is said 
that the supposed water-pump must exert a certain 
pressure in pounds in order to overcome the friction of 
the circulating pipe and the supposed motors. At a 
certain pressure in pounds the pump will be enabled 
to cause a flow of so many gallons per minute. The 
same partially holds true in the case of electricity. The 
pressure of the pump becomes to the electrician the 
electro-motive force of the dynamo, which is measured 
in terms of the volty a unit of electrical pressure. 
Hence, we say that the dynamo exerts an electro- 
motive force of so many volts. With the pump a 
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certain number of gallons of water would flow in a 
given time when a certain pressure is exerted on the 
circuit. The electrician terms the flow current, and 
the amount of it is measured in amperes^ the unit of 
the electrical current. 

The term potential^ or potential difference, is fre- 
quently used to denote the power of a dynamo to exert 
electrical pressure. It is thus said to have a potential 
of so many volts. The analogy of friction in the pipe 
causing resistance to the flow of the water becomes 
electrical resistance, or rather conductor resistance^ in 
the case of electricity. The engineer says that he 
loses so many pounds pressure owing to friction. The 
electrician has a unit for the resistance of the con- 
ductor, called an Ohm. It is thus said that there 
is a loss of so many volts owing to the conductor 
having a resistance of so many ohms. The engineer's 
water motors would each offer a resistance to the flow 
of water. Similarly the arc lamps in the case of elec- 
tricity offier each so many ohms resistance. 

The engineer finds that to run a water motor a cer- 
tain pressure in pounds must be exerted by the pump. 
Similarly, to light an arc lamp a certain potential in 
volts must be exerted by the dynamo. If one lamp 
calls for a pressure of 40 volts, two would call for 80 
volts, and so on. We must add to this the volts 
required to overcome the resistance of the conduc- 
tor, which might be 10 volts more, thus the whole 
arrangement would absorb a " voltage " of 90. Simi- 
larly, a certain number of gallons of water per minute 
is required to flow through the water motors to de- 
velop their full effect, and, likewise, each arc lamp 
calls for 10 or more amperes of current to fully light it. 
But in this case, since the water in gallons is avail- 
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able throughout the whole circuit, and flows from the 
first to the second motor, and so on, the quantity 
required for the first suffices for all. 

So with arc lamps, a current of lo ampferes being 
sufficient for the first lamp, it may be conceived to be 
sufficient for the subsequent lamps in that circuit. 
Reverting to our analogy, if the first water motor be 
stopped, the flow of water will cease, and the whole 
system come to a standstill, but it is conceivable that 
a by -pass or shunt might be provided to allow of the 
flow of the water past that motor in case of acci- 
dental stoppage. 

If this by-pass or loop be under the control of some 
device whereby the stopping of the motor would shift 
the water flow through it, then we should have a 
system that would operate constantly, irrespective of 
faults in the motors. This is exactly what is effected 
in arc lamps. Each lamp is provided with a by-pass, 
loop, or shunt so arranged under the control of the 
current that any stoppage of the latter through the 
carbons of the lamps automatically opens the by-pass 
and continues the flow through the other lamps. But 
it is obvious that if each lamp take a pressure of 
40 volts, the first one thrown out of the circuit as 
above would yield its 40 volts back to the circuit, 
and this would cause overrunning of the remaining 
lamps. 

It is of course possible to insert such a resistance in 
the by-pass or shunt as to absorb the surplus 40 volts, 
but since this arrangement would yield no work in 
return, the volts would be totally lost. Hence, it is 
usual to furnish the dynamo with a device which, upon 
the withdrawal of a lamp from the circuit, causes the 
machine itself to diminish its pressure to the required 
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extent, and the 40 volts are given back by the engine 
having to exert less force in moving the whole 
system. 

Friction and Power : their Analogy to Heat and Light 
— Our supposed pipe would ofiFer so much friction, and 
our motors would exert so much moving effect. 
Similarly, the wire would offer resistance and the 
lamps would yield light. All the ftiction in the case 
of water is no doubt dissipated as heat. All the resis- 
tance in the case of electricity is dissipated as heat. 
There is great resistance offered by the lamps, and 
the energy required to overcome it appears as heat, 
either in the arc or in the wires. Resistance to the 
electrical flow quickly makes its appearance as heat. 
The conductors being dry and encased, rapidly become 
hot, and an excess of current flowing in them rapidly 
raises them to fusing point. Hence, danger ixovnjire 
is to be apprehended by reason of bad regulation 
of the electrical current, and in this instance our 
analogy to the case of a water circulation ceases. 
Incandescent lighting consists essentially of lamps 
holding conductors, kept at a white heathy the passage 
of the current through them. They aire thus truly 
heat lights. The actual electrical light is best 
observed in the arc lamp, when the current is 
compelled to leap across a gap in the conducting 
system. 

Personal Shock, — Our hydraulic analogy again fails 
in respect of the danger to the person of a high voltage 
from the dynamo. If a current of some 200 to 500 
volts be caused to flow through the body, a shock will 
be experienced. The shock may pass through the 
body from hand to hand or from the hand to the 
feet, or indeed between any two parts of the system. 
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The human body acts the part of a conductor. Its in- 
ternal resistance to the current is fairly constant, and 
is not great, owing to the fluids in circulation. But 
the resistance of the skin varies immensely between 
difierent persons, and also in the same person. This 
is due chiefly to the condition of the skin in respect of 
moisture. Dry skin is a bad conductor of electricity ; 
moist skin a good conductor. Engineers at sea, owing 
to the liability to get the feet wet, are more liable to 
receive shocks than engineers ashore. 

It is a good precaution to wear a pair of rubber- 
soled shoes while attending to circuits when high 
pressures are used. Engineers at sea are also more 
apt to receive personal shock, because most electrical 
work aboard ship is so wired that the body of the ship 
is on the circuit. Hence, any wet flooring may be 
inferred to be in the circuit ; and while ashore it might 
be safe to touch any metallic part of a circuit with one 
hand, the same rule does not apply at sea, where a 
disagreeable shock might be received by merely touch- 
ing the circuit with one hand. In this latter case the 
circuit would by inference be closed through the feet. 
It must not be inferred that a shock cannot be expe- 
rienced from the current generally used at sea. A 
pressure at the dynamo of 1 10 volts is in common use, 
and although this voltage may be generally regarded 
as safe, yet under certain conditions of good conduc- 
tion a severe shaking up may be received by passing 
such a current through the body. 

Series Circuit not suitable to the Case of Running 
Incandescent Lamps, — So far we have considered 
only the simple case of a single circuit, in which are 
placed the arc lamps. This system is well adapted 
to the case of arc lighting, and is much used, as 
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before stated, in connection with shippings and aboard 
men-of-war. But for incandescent lamps the series 
system is quite impracticable. One of the reasons 
for this is the high voltage or pressure required in 
incandescent lamps. This is seldom under 50 volts /^z* 
lamp^ and is, as a matter of fact, generally 100 volts 
per lamp. In the latter case a small batch of only 10 
lamps would require, on the series system, 1000 volts 
of electrical pressure at the dynamo. Apart from 
the great danger attending the use of such a pressure 
aboard a ship, it is clear from what has already been 
said, that the breaking of one lamp would extinguish 
all the others upon that circuit. An automatic by- 
pass might indeed be used upon each lamp as in arc 
lighting, but the complications arising from that 
system would render incandescent lighting by its aid 
a difficult matter in practice. In speaking of high 
pressures, it must not be inferred that dynamos 
running circuits containing arc lamps of necessity 
yield high or dangerous pressures. It must be 
remembered that arc lamps, being powerful sources 
of light, are only used in limited number, and it is 
rare in ordinary work to find more than five of them 
upon a single circuit. 

Hydraulic Analogy respecting the Parallel System for 
Incandescent Lighting. — Let us again take the case of 
a centrifugal pump forcing water in a pipe. In this 
instance let a pipe be attached to the suction of the 
pump and another pipe be attached to the delivery 
outlet of the pump. Let the pipes be placed parallel, 
and let their far ends be plugged up. Suppose now 
that a series of small pipes, each with a stop-valve, 
be connected across from one pipe to the other, after 
the manner of the rounds of a ladder. 
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Let us now assume that the pump is so arranged 
as to maintain a constant pressure upon the delivery 
side and a constant suction upon the suction side. 
No current can flow if all the stop-valves be closed. 
If one valve be opened a certain current will take 
place across that pipe, due to the constant pressure 
exerted by the pump. If two or three valves be 
opened, twice the current, or three times the current, 
will flow across from one pipe to the other. The 
total quantity or current will be equal to the current 
that can flow through one valve multiplied by the 
number of valves opened. 

It will at once be seen that in this system each 
valve (lamp) is independent of all the others. The 
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Fig. 2.— Diagram of the Hydraulic Analogy. 



pump (dynamo) is so arranged, as already stated, 
that it maintains the pressure the same irrespective of 
the amount of water flowing across Fig. 2. 

Still following our analogy, the greater the number 
of valves opened the greater the flow from one pipe 
to the other. The loss due to friction increases in 
proportion. In like manner the flow of electricity 
depends upon the number of lamps burning, and the 
size of the main cables is calculated to accommodate 
a flow equal to the demand when all the lamps are 
switched on. If water be pumped into a pipe, as we 
have supposed, it will be found that the pressure is 
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greatest at that valve nearest to the pump. It will 
diminish as the distance from the pump is increased, 
and will be weakest at the last valve of the system. 
The same occurs in the case of electric lighting. The 
lamps nearest to the dynamo will be the brightest, 
and the remote lamps, receiving less pressure, will 
burn with diminished brightness. 

Here we have the same factors as before. The 
pump is our dynamo, the two pipes our main or 
leading wires, and the cross-pipes and valves the 
lamps. It is clear that the dynamo must be capable 
of maintaining the full current required when all the 
lamps are alight. 

If, now, one-half of the lamps were to be turned 
out, it would appear that the resistance offered by the 
mains would be so diminished thereby that too much 
current would flow in the remaining lamps. But the 
practice is to make the mains so large in proportion 
to the work put upon them that the drop in pressure, 
due to all the lamps being turned on at once, shall 
not exceed two or three per cent, of the whole. 
In this way the resistance of the mains may be 
neglected. 

In an incandescent system of lighting the loo-volt 
lamps are generally used. Therefore a dynamo 
giving a pressure of lOo volts, plus the volts that 
would be lost in the resistance of the wires, is used. 
Each lamp may require rather over half an ampere 
of current. The dynamo must be equal to a demand 
upon it for current corresponding to the number of 
lamps, each taking this current. 

It will be particularly observed that, while on the 
series or arc system, already spoken of, the pressure 
or volts must be equal to the pressure or lamps required 
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by one lamp multiplied by the number of volts in use, 
exactly the reverse of this is true of the parallel 
system. Here the dynamo has only to maintain a 
pressure equal to that required for one lamp, but it 
must be ready to supply a current for one or the full 
number. In the former case the volts vary as the 
number of lamps, in the latter case the amperes vary 
as the number of lamps. 

It has been said that the distant lamps are liable 
to be less brilliantly lighted than the near lamps. 
This effect is true of an extended system of lighting, 
but, when ample leading wires are used, it is not true 
in respect of short circuits, as they are used aboard a 
ship. In this case the variation of pressure due to 
all the lamps being in circuit or turned off is not 
appreciable, and therefore every lamp bums with 
equal brightness. In order to secure this result the 
circuit does not strictly in all cases consist of a pair 
of mains with dead heads and connected across as 
we have supposed. 

When a great number of lamps are to be fed by 
the main, the dynamo is not connected to their 
ends, but midway of the number of lamps. In this 
latter case both the pairs of extremities are made 
" dead ends," or, in other words, are insulated. 

Electrical " Circuity — Our first hydraulic analogy 
took as its basis a pump, furnished with a circuit of 
piping extending from the delivery outlet to the suc- 
tion side. Any work, such as motors, that was 
required from this circuit was supposed to be inserted 
therein by cutting the circle of piping, and making 
the circle again good through the motor, which would 
thus be said to be placed in circuit. 

In the actual case of an hydraulic system, this 
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circuit need not necessarily be complete in the same 
sense. The water might be drawn from one source, 
and discharged into another. Strictly speaking, the 
same holds good of an electrical circuit. Although 
a dynamo is generally made to work through a 
circuit of metallic or other conductors, this is not 
always the case. It may " discharge " into the 
earth. But there must always be a corresponding 
earth connection to the far end of the circuit. In 
other words, although the leading wires are generally 
led from the dynamo in pairs, one of these may be 
dispensed with, the earth or any intervening con- 
ducting material being made to serve as the return 
wire. 

Earth and Ship Return, — As a matter of fact, the 
wiring of ships for incandescent lighting is largely 
carried out on the above plan. There is only one 
leading wire, the return being made through the 
metal of the ship's shell. But it should be borne in 
mind that in every case a complete and unmistak- 
able electrical circuit, generally through metallic 
conductors, must be maintained. The diagram 
(Fig. 3) will serve to elucidate this. In other words, 
while our hydraulic analogy may appear conveniently 
elastic in this respect, there is no such elasticity in 
the case of the dynamo. Telegraphy is carried on 
with a single wire across oceans, by means of a good 
^^ earth** connection at either extremity of the line, 
but we are not aware that electric lighting has been 
successfully carried on by similar simple means. 
To " earth " the end of a conductor is to so connect 
it to some metallic body having a large surface of 
contact with the earth, or with water, as to form ^ 
complete conductive circuit, 
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When a conductor is carried throughout a ship, 
and a connection is taken to one terminal of each 
lamp, the corresponding terminals on the other side 
of these lamps are connected to the ship's body. But 
as that body is immersed in the sea, the connection 
is essentially an earth connection — in other words, 
the lamp terminals are " earthed." But it may not 
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Fig. 3. — Diagram of the Earth or Ship Connection. 



appear quite clear as to how the circuit is completed. 
It is only now necessary to " earth " the idle terminal 
of the dynamo machine, and this is done by merely 
connecting it through a piece of cable to the ship's 
body. In all such cases the circuit must be main- 
tained. The slightest break therein introduces so 
enormous a resistance that all electrical effect imme- 
diately ceases. In still other words, the resistance 
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of metallic conductors is small ; the resistance of air 
or non-metallic substances is very great. 

Electrical Isolation — " Insulation.** — Most non- 
metallic substances present a great resistance to 
the passage of electricity. It is well known, how- 
ever, that water is a fair conductor, and that damp 
substances are therefore partial conductors. But 
such substances as gutta-percha, pitch, wax, and so 
on, so largely used in insulating work, offer so great 
a resistance that they are looked upon as insulators. 
There is, however, no perfect isolator, and sufficiently 
thin coatings of the so-called " insulators " will permit 
the flow of electricity through them. 

It is of great importance to the engineer in charge 
of electrical plant to understand the value and use 
of the so-called insulators or insulating substances. 
Cables and wires intended to confine the current, so 
that it shall not escape to " earth," and so by earth 
return to the dynamo, are generally sheathed in 
gutta-percha, and protected by other wrappings 
against mechanical injury. Electric lamps may have 
metal fittings, but care is always taken to insulate 
the leading wire by surrounding it with a sheath of 
hard rubber, bone, ivory, glass, or wood, or such 
insulator. 

The parts of a " switch," or circuit interrupter, are 
generally of brass or copper, but the base upon which 
they are fixed and work is invariably of an insulating 
nature, as wood, hard rubber, or slate. Wood is a 
good insulator when quite dry^ but it is apt to absorb 
moisture and permit an escape. Hard rubber — 
ebonite — ^vulcanite, vulcanized fibre, stone, or slate, 
do not absorb moisture, and are generally used for the 
bases of switches and lamps. But where there are 
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large currents of high voltage, slate is to be pre- 
ferred because it is incombustible. Electric arcs are 
apt to be started at switches, and such accidents 
frequently cause fires by burning the base of the 
switch. 

One of the most effective insulators known, if not 
the most powerful, is paraflBn in the wax or solid 
state. When pure, it is quite colourless, and 
although it is not available for many purposes in 
electric lighting, owing to its low melting point, it 
can be made most useful. Its most important 
application is that of a protection against damp or 
moisture. Dry wood well soaked in melted paraffin 
may be regarded as an insulator of the first order. 
Insulating plugs, through which to pass cables 
through ships' bulkheads, are frequently made of 
hard wood, well paraffined. This insulator is inex- 
pensive, and easily manipulated, but it must not 
be depended upon where there is a likelihood of 
heated conductors or fittings, or near the warm 
parts of lamps, nor about the fittings or wires of 
dynamos. 

Various " Voltages " and Insulators. — When a 
mechanical engineer deals with pressure, he is care- 
ful to select such material and substance of pipes 
for its distribution as will be likely to withstand the 
bursting tendency. In like manner we may roughly 
regard the tendency of a current at high tension to 
be to escape from its conductor. We may regard 
the india-rubber sheath of an insulated wire as our 
pipe, and the wire itself as the empty space within. 
The sheath or insulator is the point of importance, 
and its strength as an insulator must be proportionate 
to the volts of pressure to be confined by it. Mere 
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Its fandamental principles are easily understood, 
but their development and application have opened 
up a vast and interesting field of inquiry. In front 
of and between the extremities or poles of every 
magnet there is a space in which a certain attrac- 
tive force for iron is exerted. It is known that 
this space, which is called the magnetic field, is 
filled with lines of magnetism, called lines of force. 
The lines can easily be shown to flow from one pole 
to the other, after the form of an arc, or a double arc, 
according to the shape of the poles. There is in 
fact a tendency to set up a magnetic circuit But the 
resistance of the air gap is so great that the circuit 
may be regarded as incomplete. If, however, an 
armature of iron be placed across the gap touching 
the poles, the circuit will be completed through it, 
and it will become part of the magnet. If this arma- 
ture be separated from the poles and be caused to 
revolve near to them it can be shown that in its 
substance electrical currents are set up. The currents 
cannot, however, be made available externally, chiefly 
because of the difficultly of collection. But if the iron 
armature be surrounded by a coil of insulated wire, 
the currents will circulate therein, and may easily 
be collected therefrom by a rubbing connection while 
the armature revolves. 

The magnet is Wa^ field magnety the wire-coiled iron 
is the armature the rubbing connection is the com^ 
mutator or collector^ and the whole forms a dynamo- 
electric machine. In modern dynamos the magnet 
is not the usual mass of hard steel, permanently 
magnetized. An electro-magnet, consisting of an 
iron core with surrounding coils of insulated wire, is 
used instead. It presents the advantage that in a 
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comparatively very small space an enormously 
powerful magnetic field can by these means be 
induced. Part of the current taken off the armature 
circulates in the field magnet, energising it to the 
required extent. Dynamos are, however, made 
with permanent magnets of steel, and in many cases 
large dynamos have their field magnets excited by 
the current from a separate smaller dynamo. Nor 
do all armatures contain iron. A mere conductor 
rotating in a magnetic field will have induced in it 
currents corresponding to its speed and the number 
of convolutions of the conductor. The nature of the 
various kinds of winding employed for regulating 
purposes, both upon armatures and field magnets, is 
touched upon in a subsequent chapter, and their 
attributes pointed out. 

Driving, — ^The armature of a dynamo is caused to 
rotate by connection with a steam engine by one of 
the following methods: (i) By direct connection, the 
two shafts being co-axially coupled, end to end ; 
(2) by a belt, which may be either a long belt, worked 
open, or a short belt, held around the pulley by 
means of a curbing or tightening gear, or by an 
endless rope running in several grooves with a jockey 
pulley to take up slack; (3), by peripheral friction 
gear, in which case the dynamo pulley is covered with 
leather or other partially yielding substance. 

The dynamo in the latter case is usually caused to 
ride upon a pair of trinnions, so that contact between 
engine fly-wheel and dynamo pulley may be main- 
tained by means of a spring. This latter method is 
chiefly used in the case of small dynamos. 

These various methods, and several modifications 
of them, are examined in a subsequent chapter, their 
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application to different purposes are explained, and 
their merits and faults pointed out. 

Incandescent Lamp. — When the carbon rods in an 
arc lamp touch lightly together, there occurs, upon 
the passage of a current, the electrical incandescence 
so much used in lighting. But it is still more intense 
in a vacuum. Any metal may be brought to a state 
of incandescence by a current sufficiently powerful, 
but no material yet tried withstands its effects so 
long as hard carbon in the form known as graphite. 
But the slender thread of carbon used in the incan- 
descent lamp vanishes as vapour in a twinkling as 
soon as the air is admitted to it. When the vacuum 
is good within the little glass bulb, and the carbon 
filament of uniform section and material and suffi- 
ciently hard, it may burn under favourable circum- 
stances as long as 5,000 hours before it breaks, but 
the average life of the incandescent lamp is probably 
not one-fifth of this. 

Circumstances favourable to the long life of the 
incandescent lamp are as follows : — ^A current under 
such pressure that the full candle power of the lamp 
is developed. A current unvarying in its voltage (or 
pressure), in other words, a perfectly steady current, 
free from fluctuations, especially sudden changes of 
strength. The seldomer a lamp is turned off and 
relighted the better for its longevity. Lamps are 
easily destroyed by electrical pressure much above 
the volts marked upon them by the maker. When 
an incandescent lamp is nearly at the breaking-point 
it not only emits a light of extra brightness, but 
assumes a blue tint. This appearance immediately 
precedes the rupture of the filament. 

Other Methods of Illuminating by Electricity. — 
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Apart from the direct current distributed to arc lamps 
upon the series system, and to incandescent lamps 
upon the parallel system, as already explained, the 
most important is the alternating current. This 
implies that the current is not continuous in one 
direction. It changes its direction hundreds of times 
per second. This is due to a special kind of armature 
used in the dynamo. The alternating current is well 
adapted for both arc and incandescent lamps, but it 
is not as safe with regard to the risk of personal 
shock aboardship as the continuous current. It is 
very little used at sea. The alternating current is 
admirably adapted for electric lighting in towns 
where the point of consumption is far distant from 
the dynamo. In such case it is given off by the 
dynamo at a very high pressure, sometimes as high 
as 5,000 volts. This pressure is not, however, | 

allowed to enter the house of the consumer. High 
tension current may be converted down to low tension | 

current by means of an inductive device known as a 
transformer. Such pressures as the above would be 
transformed twice, at the distributing station down 
to about 2,000 volts, and at the consumer's house | 

down to the 100 volts or 50 volts, as the case might 
require for running the incandescent lamps. We 
cannot enter here upon a consideration of this 
subject, vast in itself, as it does not apply to ship 
lighting as now practised, but it may be mentioned 
that the chief object for the employment of so high 
a voltage as 5,000 is the great saving thereby effected 
in the cost of the copper conductors by this means. 
As may be expected, however, such conductors must 
be very effectively insulated to withstand so enormous 
a pressure. 



« 
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Methods of wiring, and of running circuits, and of 
feeding" them are also numerous, but none of those, 
with the exception of the series and parallel systems 
already mentioned, fall within the scope of the 
present work. 

Electrical Current Storage and Accumulators. — In 
many ships the dynamo is kept constantly running, 
night and day. In such cases there is generally a 
duplicate set of plant to insure against stoppage of 
the lighting in case of breakdown. But there are 
numerous instances where only a single dynamo is 
used, which cannot conveniently be kept in motion 
at all times. In such cases the lighting is main- 
tained by a certain amount of current previously 
stored in an accumulator. 

The principle of the storage battery or electrical 
accumulator cannot be elucidated here, but the 
fundamental fact underlying it is that if two platinum 
plates be connected respectively to the two terminals 
of a source of electricity and plunged separately into 
water, a very short continuance of the current suffices 
to show that, upon disconnection, the plates have 
stored a certain amount of energy. This is shown by 
connecting the plates to a voltmeter. The current 
yielded back by the accumulator cell is opposed in 
direction to the charging current. In practice, 
platinum plates are not used. Lead perforated 
plates, the perforations being filled with minium 
and litharge, are employed in a vessel filled with 
acidulated water. 



Electricity on Ship Board. 
The application of the dynamo-electric current to 



24 INTRODUCTION. 

lighting purposes was speedily found to be of im- 
mense advantage to steamship owners and ocean 
passengers. It solved at once many difficulties, 
more especially in the case of passenger steamers. 
It very materially reduced the risk of fire from lamps; 
it reduced the trouble and expense of attendance ; 
it utilised the steam of the main boilers for lighting ; 
and it generally proved a great boon to passengers 
and crew alike. 

Early Application of the Light. — ^There can be no 
stronger proof of these claims than the almost uni- 
versal adoption of electric lighting aboard steamships 
within a very few years of the introduction of the 
incandescent system. Indeed, so great appeared the 
advantage that, before the glow-lamp was developed, 
or capable of being used in general lighting, both 
arc lamps and electric candles on the Joblochkoflf 
system were freely used aboard ship. And even 
before either of those sources of light could be said 
to be perfect, the advantage of the arc light for dis- 
charging and receiving cargo, and for naval purposes, 
were very quickly appreciated. Thus, although the 
introduction of electric lighting cannot be fairly said 
to be of earlier date than 1878, or barely 'fifteen years 
^go, yet it may be claimed that aboard or in con- 
nection with ships it was freely used even during its 
early incipiency. 

Ideal Installatiofis, — ^To those who are not familiar 
with the subject it may be stated that, taking a 
steamer carrying, say, one hundred lights, the plant 
consists of simply a single dynamo machine, with 
its small independent engine. This is fixed in the 
engine-room of the vessel and supplies all the lamps 
with current. The distribution is carried on through 
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a series of insulated wires permanently incased. 
After the installation of this simple plant it calls for 
practically no attention. There is no trouble with 
oil and wicks, no lamps to trim otherwise ; no pre- 
cautions are taken because danger is reduced to a 
minimum. As long as the dynamo is in motion any 
number of the lights may be turned on or off at 
pleasure. No regulation of the current is required 
because the dynamo effects that within itself. Hence, 
it is clear that, practically, by the expenditure of a 
little extra coal in the furnace, the ship is brilliantly 
illuminated with a perfect form of light, and the 
attendance and the dangers of oil-lamps are entirely 
overcome, 

Ocean-gotng Installation, — The above is, however, an 
ideal installation, aboard a steamer navigating rivers 
or shallow water. The case is rather diflerent when 
the vessel is of many thousand tons' burthen, and is 
propelled in all weathers at twenty knots per hour lite- 
rally through the seas ; when the huge ship " dips her 
nose " therein and ships across her decks some hun- 
dreds of tons of "green water," sousing and carrying 
everything before it ; when port-hole glasses get stove 
in and the sea rushes through the opening in a torrent. 
It is not to be supposed that such experiences — and 
they are frequently of many days* duration in the 
Atlantic — do not interfere with the electric light. On 
the contrary, cables and insulation are very apt to 
suffer. Leaks of current take place at different points, 
fire may be possibly set up by such leaks, and the 
whole installation calls for the constant watchful care 
of a skilled attendant. 

Adaptability of the Electric Light. — ^But when we 
compare the trouble that has to be encountered by 
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the electrician to the disadvantages of the dangers and 
expense and inferiority of oil lamps, we still find an 
immense balance in favour of the electric lighting. 
When we consider the comfort and convenience of 
the incandescent lamp to the passenger, who, by 
turning his switch, may obtain a light at any 
hour, the superiority of the light for reading, and 
the adaptability of it to the decorative effects in the 
saloons, we will at once find a reason why elec- 
tricity as light is now considered indispensable 
a I sea* 

The Use of Accumulators, — Although we have briefly 
touched upon the kind of plant generally used for the 
production of the current, we have not exhausted the 
subject. In the case of steamers of moderate size, the 
engine-rooms and holds below the water-line must be 
artificially lighted throughout the day. This is accom- 
plished by continuously running the electric plant or 
a portion of it. Indeed in large passenger steamers 
the current is never off the wires, night or day, for 
months at a time. This necessitates the use of steam, 
which, however, is always ready in such cases, and 
is maintained for various other purposes about the 
ship. 

But when we take the case of a smaller vessel, 
perhaps a steam-yacht, the dynamo is moved probably 
by steam from the main boilers. Therefore, in harbour, 
the supply from the dynamo fails. It is maintained 
is such case for many days by means of accumulators. 
The vessel carries a number of these, and they are 
kept charged. When the main boilers are inactive 
they come into play and furnish the current. The 
dynamo in this case is generally made of sufiicient 
power to run all the lamps and feed the accumulators 
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simultaneously. There is the additional advantage 
in this"[arrangement that only one dynamo is required. 
Any fault in that would not at once stop the lights. 
Buty notwithstanding the advantages of accumulators 
they are not generally employed on the larger ocean- 
going vessels, where, indeed, owing to the duplication 
of djmamos and the constant supply of steam they are 
found unnecessary. 

Effect of the Current upon the Compass. — When the 
electric light was first used aboard ships, there were 
many dismal predictions of disasters at sea owing to 
the alleged effect of the current upon the ships' com- 
passes. 

But although it may be shown that the current un- 
doubtedly exerts an effect upon the needles, yet, when 
due precautions are taken it seldom causes a falsifi- 
cation of over a point or two. This error is carefully 
combated by the compass adjuster, by the use of 
magnets about the ship, and as it varies somewhat, 
its extent and variation are both familiar to the 
officers and allowed for. Over and above this, how- 
ever, large steamers carry an isolated "standard 
compass." It is placed so high above the deck and 
cables as to be quite out of the influence of the 
lighting current. This standard instrument is con- 
sulted half-hourly or oftener, and correction of the 
working compasses made accordingly. 

Incandescent Lamps in the Binnacles. — For a long 
time it was maintained that electric light, although 
it might be used for side lights, and even for the 
"masthead," would never be employed for the 
binnacles in which the working compasses are 
situated. But, by means of an ingenious arrangement 
of the lamp and cable, this difficulty has been over- 
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come^ and the effect of the current in the lamp upon 
the compass may be said to be effectively neutralised. 
The device is indeed so perfect that most of the 
largest Atlantic liners have their compasses lighted 
in this way. Hence it may be taken for granted that 
a light that can be depended upon so absolutely, has 
at length banished all other forms of illumination 
from steamships of any pretensions, and such is 
indeed the case. Matches, candles, and lamps are 
regarded as things of the past. 

Electricity in the Royal Navy. — Although the current 
is employed for many purposes in the ships of war, 
we are here concerned only in its application to illu- 
mination, and for signal and search lighting. Indeed, 
the distribution of electricity in a man-of-war is a 
complex system compared to the simpler arrange- 
ments of an ordinary steamer. While the use of arc 
lamps is rather rare in ordinary steamers, and search 
lights £ire only carried in navigating the Suez and 
other canals, they are much used in men-of-war. 
They are also of considerable power, and a special 
dynamo is frequently kept apart for this purpose 
alone. 

As in the case of large passenger-ships, in war- 
vessels the current is kept constantly on the wires, 
and the whole of the vessel beneath the water-line 
is lighted thereby day and night. The use of 
electricity in the Navy, for lighting alone, is a sub- 
ject of considerable importance, and a due proportion 
of our space is apportioned thereto. 

Electro-Motors upon the Lighting Circuits. — A very 
interesting subject is that appertaining to the utilisa- 
tion of the current for the running of electro-motors 
throughout a ship. These are used chiefly for light 
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work, as for ventilating fans, and on passenger-ships 
even for moving the rotary hair-brushes in the hair- 
dressing saloon. But the subject not falling strictly 
within the lines circumscribed by the word ship- 
lighting, can only be cursorily glanced at in the 
limits at our disposal in the following pages. 



CHAPTER I. 

SHIPBUILDERS' PRE-ARRANGEMENTS, 

Location of the Electrical Plant. — In the early days 
of the electric lighting of steamships, it was con- 
sidered sufficient to place the plant in some spare 
corner of the engine-room. There the dynamo and 
its motor were fixed, generally in a dark and damp 
position. If it ran well, without any attention, 
electric lighting aboard that vessel was considered a 
success. If it performed indifferently, through sheer 
want of attention, electric lighting was speedily con- 
demned, and a return made to oil lamps. 

It may be supposed that such circumstances as the 
above applied only to very small attempts to illu- 
minate equally insignificant vessels, but such is not 
the case. Many vessels of over i,ooo tons burthen, 
carrying propelling engines of over loo horse-power, 
were so furnished. If the chief engineer or his mate 
chanced to be an amateur electrician, so much the 
better for the electric light, and in which case it 
usually proved a success. But, as generally happened, 
neither of them cared to trouble themselves about the 
innovation, failure was frequently encountered. 

Expensive experience has changed all this. Electric 
lighting is now so universal that a good deal of atten- 
tion is given to it by owners as well as builders, and 
even the engineers in charge of the propelling plant 
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begin to take an interest in dynamos and circuits. 
The experience gained in the lighting of ocean-going 
passenger-steamers and men-of-war indicates very 
clearly that in order to insure the success of the 
lighting, and the safety of the vessel from fire, the 
following points must be carefully considered : — 

The Dynamo 'Room must he separated from the 
Engine-Room. — It may not at first appear necessary 
to provide a separate department for the plant, but, 
notwithstanding, experience has shown that it is not 
only advisable but economical to do so. The following 
are the chief objections to locating the electrical plant 
in the propelling engine-room : — 

The insulation of the dynamos, distributing boards, 
and indicating instruments, suffer severely from 
moisture, either from below or firom the air. If the 
plant is fixed, as is generally the case, upon the level 
of the main engine-bearings, it is subject to damage 
by reason of water, whether occurring from leaks, 
from the playing of the hose-pipe to cool bearings, 
or from condensed steam. It is also subject to damage 
firom moisture in the air, due to escaping steam and 
evaporation. Damage is frequently done to electrical 
machinery by oil thrown off the main engines. And 
it may be fiirther pointed out that the high tempera- 
ture of the engine-room is very unfavourable to the 
insulation, assisting, as it does, in the gradual 
deterioration of the insulating material when super- 
added to the high working temperature of the dynamo 
itself. 

A duly-qiialified Electrical Engineer should he 
appointed to look after the Plant. — ^At the present time 
it may appear unnecessary to make the above pro- 
position, since it has of late years been brought home 
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to shipowners that their regular engfineers have seldom 
the time, if they possess the requisite knowledge, 
to superintend the electrical work. Hence, in the 
case of important passenger-steamers, or men-of-war, 
the electrical engineer and his staff, although classed 
with the regular engineers, are a distinct body. 

It may appear to the uninitiated that nothing can 
be simpler than to keep a dynamo and circuits in 
order. However true this may be ashore, where 
everything is a firm fixture, where surroundings are 
dry and clean, and where the run of the cables and 
branches is "bone dry," a very different order of 
things maintains aboard an ocean-going steamer. 
Water, salt and fresh — the former the greater enemy 
— steam from circulating pipes, oil, ammonia vapour, 
and other foes to insulation are constantly reaching 
the cables and wires, and the dynamo itself, aboard 
ship. This necessitates constant watchfulness on the 
part of the attendant, and the requisite ability to cut 
out and repair faults in any portion of the plant with- 
out delay. When we add to this that in a large 
steamer or a man-of-war there are frequent calls for 
fresh lamps, and changes of position of those already 
fixed, that new circuits have to be run or old cir- 
cuits renewed in some part almost daily, it will be 
seen that special attendants are indispensable. 

Proper Position of the Dynamo^Room. — It is a mis- 
take to locate the electrical plant at the bottom of 
the ship. There are many practical reasons for this. 
Total extinction of the lights aboard a large pas- 
senger vessel is sufficient very often to cause a panic 
itself, and this may easily happen when the plant is 
situated at the bottom of the vessel through accidents 
with water or steam from within or without. In 
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addition to this, the lower position is unfavourable 
generally to good insulation. It necessitates the 
cables being carried through the various decks above, 
and thereby increases their length and resistance, 
and it wastes the time of the electricians in ascending 
and descending when on duty. 

The best position for the dynamo is undoubtedly 
about the level of the top of the boilers. We do 
not recommend a position directly over the boilers. 
The temperature there is generally too high. 

In some of the best of our ironclads the dynamo- 
room is on the level of the main shaft-bearings, but, 
although it adjoins the engine-room it is always 
separated therefrom by transverse and longitudinal 
bulk-heads. It forms, in fact, a separate depart- 
ment. 

Although this system has much to recommend it 
in the case of men-of-war, inasmuch as it insures 
the plant being well below the water-line, and there- 
fore protected from the eflfects of shot, yet the case of 
steamships of the mercantile marine is different. In 
ocean-going steamers most of the electric-lighting 
takes effect about the level of the main deck, in the 
saloons, state-rooms, and deck-houses. It is in this 
neighbourhood that the cables and wires are most 
numerous, and the nearer the dynamos are to these 
the less the cost of running the plant. The risks of 
extinction and damage are thus reduced. 

When plant is duplicated it should, if possible, be 
kept in separate rooms. One of the great objects of 
duplicating the propelling plant of an ocean-going 
steamer is well known to be a precaution against 
the effects of collision or other damage to the vessel 
or engines or boilers, so that if one side becomes 

D 
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useless, the other may still move the vessel. For this 
reason duplex engines are generally separated- by 
longitudinal bulk- heads y as well as by transverse bulk- 
heads. 

In the latest types of ocean passenger-steamers the 
same system is carried out in the case of the elec- 
trical plant. In the case of men-of-war extraordinary 
precautions are taken to protect all the machinery, 
and the electrical plant is usually fully duplicated. 
If the vessel carry one thousand lights there is engine 
and dynamo-power for two thousand, and the sets are 
used alternately. In addition to this they are fre- 
quently entirely isolated by bulk-heads. 

Ocean liners seldom carry a complete duplicate 
plant, but there is always a partial duplication. Thus, 
if the vessel have a thousand lamps, dynamos suf- 
ficient for one thousand five hundred are generally 
provided. Experience has proved that in order to 
insure against accidents this plant should be divided 
into two equal portions, entirely isolated from each 
other by iron bulk-heads. 

This is the system adopted in the case of the later 
White Star steamers, where the longitudinal bulk- 
head separates the two halves of the propelling plant 
and the electrical machinery. When four dynamos 
are carried, two of these are placed on either side of 
the bulk-head. 

Specifications supplied by Owners to Shipbuilders 
generally contain data and dimensions relating to 
the electrical plant. This part of the ship's machinery 
was for some years overlooked in specifications, but 
the increasing importance of the lighting arrange- 
ments has proved the advisability of clearly speci- 
fying the dimensions of the dynamos and their 



SEPARATION OF DYNAMOS AND ENGINES. 35 

engines, together with the space required for accu- 
mulators (if any) and instruments, with standing-room 
for attendants. 

The dynamo-engines are sometimes fed by the 
main boilers, and frequently by a separate boiler, but 
in many cases receive their supply of steam from the 
donkey boiler. Specifications should state clearly to 
the builder, for his guidance, the source of steam. If 
no source is indicated, he would be justified in so 
arranging the space for electrical plant as to make it 
adjacent to the main boilers. In any case the elec- 
trical plant should be situated as near as practicable 
to the source of steam. 

Separation of Dynamos from their Engines. — As we 
have already observed, there are many objections to 
the placing of dynamos in the main engine-rooms. 
Now the same drawbacks apply to the presence of 
the dynamo-engines in a lesser degree. It is usual 
at the present time to couple dynamo and engine 
direct. This necessitates, as they are generally 
arranged, their being bolted to a common bed- 
plate. 

Unless the engines are clean in working, there is 
an inevitable leaking of steam, a scattering of oil, a 
great deal of heat, and a general atmosphere destruc- 
tive to insulation. Although we are not aware of 
any instance of its application, we are convinced 
that it would prove of great advantage to separate 
the dynamo from the engine by an iron partition. 
There would be no loss of space. The change would 
only necessitate the use of a "flexible" coupling 
upon the engine or dynamo-shaft, and, if desired 
watertight, a miniature propeller-shaft stuffing-box in 
the partition, through which the shaft would work. 
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In this way the dynamo-engines might be placed in 
the main engine-room at a suitable level. 

Pre-arrangetnents for Cables. — It is seldom that the 
requirements of the lighting engineer can be anti- 
cipated by the shipbuilder, except in the case of 
dynamos and engines, so that the piercing of bulk- 
heads, decks, and so on, is generally left until the 
running of the cables commences. 

Pre-arrangements for Accumulators, — The use of the 
accumulator is practically confined to the following 
classes of lighting : Passenger steamers that lie fre- 
quently in port and do not maintain steam ; yachts, 
to which the same remark applies. Numerous vessels 
are furnished with the electric light and yet do not 
maintain a separate boiler for moving the dynamo- 
engine. In such case the steam from the main boiler 
is used. Others supply steam from the donkey or 
winch boiler also, as well as the main boiler, or either 
as required. Private yachts are large users of accu- 
mulators. 

There are, however, numerous instances where ac- 
cumulators are employed as regulators or as a safe- 
guard, even when steam is constantly available. 
Their employment makes the duplication of the 
generating plant unnecessary. It may be further 
said that in all cases where the dynamo is moved by 
the main engines accumulators cannot be dispensed 
with. 

Accumulators to be isolated from the Machinery* — ^The 
most perfect accumulators are apt to give off certain 
vapours which are destructive to bright iron or steel 
work. Hence they should be located in some position, 
preferably in the waist of the ship, but still isolated 
above the machinery. Iron shelving, bolted to bulk- 
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heads, is generally erected for the reception of the cells. 
The shelves should not be less than than two feet in 
depth. Twenty-six cells, each not less than twelve 
inches wide, are necessary as a minimum number of 
accumulators. There are generally allowed a few 
inches clearance between them. 

The accumulator shelving is afterwards fitted with 
wooden or other insulating covers and fronts, partially 
boxing in the cells. The position chosen for an accu- 
mulator battery should be well ventilated and lighted, 
and as cool as possible. 



CHAPTER II. 

ENGINES FOR SHIP-LIGHTING. 

Different types of Engines available for Ship- Lighting. 
Reciprocating Single Cylinder. — ^This is by far the most 
common type of engine generally used. It is more 
especially adapted to the installations of small 
steamers. The engine is usually of the vertical over- 
head cylinder type, and this form presents, among 
others, the following advantages : — 

(i.) The engine is low in first cost. 

(2.) It is simple in construction. 

(3.) It occupies but little floor space. 

These small engines are usually connected with the 
dynamo by one of two methods ; first by a strap. 

Strap-driving is not without its advantages, even if 
it be shown to have some drawbacks in ship lighting. 
Its chief advantage lies in the fact that while the en- 
gine may move slowly, any required speed may be 
imparted to the dynamo. There is, therefore, a con- 
siderable saving in wear and tear of the engine. 
Among other points it may be claimed for strap-driv- 
ing that there is comparatively little danger of burn- 
ing up the insulation of the dynamo, owing to an 
accidental short circuit being set up. In such case it 
usually happens that the strap is thrown off the 
pulley, or slips sufficiently to save the insulation. 

It may be contended that a fuse or cut-out near to 
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the dynamo would effectually prevent such a disaster 
as the above, but it must be remembered that small 
installations are frequently left in the charge of inex- 
perienced persons, and that the position of a cut-out 
is frequently found bridged across with a piece of 
copper cable, rendering the device useless. And, 
moreover, a cut-out cannot save a dynamo from the 
effects of a short circuit within itself. 

Strap-driving is also not without its disadvantages. 
The chief objections to the use of a strap are, first, the 
floor space necessary. Short straps may indeed be 
used, so as to bring engine and dynamo in close prox- 
imity, but short straps necessitate the employment of 
idler pulleys to force the band into contact with a 
large proportion of the periphery of the dynamo 
pulley. Otherwise there is scarcely any grip, and 
slipping at full load becomes a nuisance. The use of 
the curbing or belt-tightening gear involves consider- 
able waste of power. There is a great strain upon 
the spindle upon which the tightening pulley rides. 

Nothing in the way of straps runs so well as a long 
open belt. But this is not only generally inadvisable 
in the case of ship lighting, owing to the space occu- 
pied, but it is apt to perform badly in heavy weather 
at sea. The belt is apt to leave the fly-wheel or pulley. 
These remarks have reference to the cost of engines 
and dynamos being placed at different distances apart 
upon a common level. 

If the engine be sittcated ahove or below the dynamo at a 
distance apart between the centres of the shaft of not 
less than ten feet, it may be a simple matter to drive 
with a strap, without belt-tightening gear. This 
method may indeed be said to be the only successful 
one in the case of ship lighting, when a strap must 
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be used. The engine is usually situated in the main 
engine-room, and the dynamo is placed the height of 
one, or preferably two decks above it, directly over- 
head. The belt runs in a tunnel, which does not 
necessarily occupy much valuable space. When a 
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belt is rather short and is run open, without tighten- 
ing gear, its grip upon the pulleys may be increased 
by simply running it as a crossed belt, and reversing 
the engine. Figs. 4, 5 and 6 exhibit the arrange- 
ments of the belts in relation to the pulley. 

Varieties of Belting. — ^Neglecting various fancy kinds 
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of belting, the choice for dynamo work is confined to 
good oak-tanned leather, to leather link belting, and 
to cotton belting. The latter, when well painted, per- 
forms well at sea, and has the advantage of being in- 
expensive. It is, however, rather difficult to join. 
Link belting is the simplest in this particular. 

There is probably nothing better than a plain leather 
belt, which should be so carefully scarfed or lap- 
jointed that its thickness at that part is not increased. 
In lacing, the method shown in Fig. 7 should be 
followed. 




Fig. 7. — ^Diagram showing Lacing of a Dynamo Belt. 



Belting direct from the Main Engine, — ^This method 
is much used in yachts, when accumulators are carried 
as a reserve, when the main engine is at a standstill. 
It presents the advantage of dispensing with the 
independent engine and its attendant noise. The 
main or propeller shaft carries a pulley of sufficient 
size to move the dynamo at the required speed when 
the main engine is doing average work. The dynamo 
is generally placed as far from the main shaft as 
possible, and is usually run with a cross-belt to 
increase the surface in contact. The dynamo is pre- 
ferably placed overhead, if possible on the level of the 
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main-deck. This method of driving is not suitable 
to the case of vessels liable to encounter bad weather 
at sea. The inevitable racing of the main engine 
when the propeller is clear of the water soon destroys 
a dynamo and a set of lamps. In all such cases the 
dynamo should be provided with its own heavy fly- 
wheel, and a belt liable to slip than otherwise is to 
be preferred. These precautions obviate to some 
extent the evils of variable driving. 

Rope-Driving. — ^This method is probably less suit- 
able than any other to the case of ship lighting. Al- 
though an endless rope, occupying several grooves 
upon the pulley, and provided with tightening gear, 
is well adapted to central station work, it is out of 
place in the atmosphere of a ship's engine-room ; yet 
rope-driving aboard ship is not without its advocates. 

Single Engines^ connected direct. — ^Direct connection 
of the engine-shaft with that of the dynamo is rapidly 
becoming the standard method of driving. It necessi- 
tates, first, that the engine shall run at the same speed 
as the dynamo ; second, that the engine shall be of 
good construction, capable of rapid self-regulation, 
and be free from noise. The method further necessi- 
tates the use of considerably larger dynamos than 
usual, because, in order to accommodate the engine, 
the speed must be slow. The diameter of the arma- 
ture must therefore be considerable to allow it to 
attain the required speed. Slow-speed peripheral 
dynamos are not, however, without some advantages, 
although their first cost is considerably greater 
than that of fast machines. 

High-speed steam-engines are frequently trouble- 
some. To withstand the continuous high velocity their 
construction should be of the best. The reciprocating 
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farts should be light and the stroke short If the con- 
struction should be faulty they speedily ruin not only 
themselves but the armature of any dynamo connected 
to them. It may be said, in a word, that cheap high-- 
speed steam-engines are an abomination. Single-acting 
engines are suitable for small steamers and for yachts. 

Compound High-Speed Engines. — ^The compound or 
twin cylinder engines are by far the best for electric 
lighting aboard ship. They are, to commence with, 
generally better made then the single-acting engines. 
They are economical in use, and they yield, bulk for 
bulk, greater force than single engines. When the 
cylinders are placed side by side, working on two 
cranks at right angles, locomotive fashion, the motion 
is more favourable to the dynamo than is possible 
with a single cylinder. 

Multiple Cylinder Engines. — These are now a 
numerous patented class ; but although in the earlier 
days of electric lighting it appeared probable that 
three-cylinder engines would form the most im- 
portant class for ships' lighting, yet those expecta- 
tions^have not yet been fulfilled. The main advantage 
of the Brotherhood and other engines of this type 
appears to be their small bulk, their moderate 
weight, and their immense capacity for high speed. 

Rotary Engines. — Probably the best known of the 
rotary t)rpe are the engines of Parsons (steam 
turbine), the "Tower," and others. These engines 
occupy very little space and run noiselessly. They 
are eminently suitable for installations in charge of 
engineers who are familiar with the rotary engine in 
its various forms. 

Large Passenger and Mail Steamers generally carry 
Compound Dynamo-Engines. — These are either of the 
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vertical or horizontal type, and are made as simply 
as possible. The horizontal type appears to be most 
in favour where there is space to spare for them. It 
should be pointed out that complex steam-engines 
are not liked aboard passenger mail steamers. 

Direct Driving, — It may be said that, almost with- 
out exception, direct connection necessitates the 
providing of a cast-iron bed-plate common to both 
engine and dynamo. Engines intended for dynamo- 
driving are generally built upon such a bed-plate, 
their shaft-bearings being cast solid with the bed. 
The dynamo is bolted to the same plate, with its axis 
parallel and is concentric with that of the engine. 
Rigid couplings are the rule, but some makers prefer 
to use flexible couplings. Fig. 8 exhibits the arrange- 
ment showing a Chandler's engine and a dynamo 
connected direct. 

The chief faults that are apt to occur in the use of 
a rigid coupling, with direct connection, are want of 
exact parellelism, so that a slight strain is apt to be 
imposed upon the dynamo-shaft in bolting the flanges 
of the couplings together. There is also the objection 
that direct-driving renders impracticable the usual 
" end play " of the dynamo-shaft. This end play is 
of considerable importance, insomuch as it prevents 
grooving of the commutator, and maintains a distri- 
bution of oil in the bearings. A coupling that would 
be satisfactory mechanically and yet permit of the end 
play, is much required in ship lighting. 

Engines running Dynamos direct must be clean in 
Working. — The enclosed types of engines are un- 
doubtedly the best for dynamo work, but these are 
very apt, in the case of cheap engines, to be poorly 
fitted and finished, since the working parts are not 
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open to inspection. It is important, however, that the 
engine shall be clean in working, free from steam 
leakage, condensed steam, and so lubricated that oil 
is not scattered about near to the dynamo, instru- 




Fig. 8. — Chandler's Engine and Dynamo connected direct. 



ments, or circuit wires. When the engine can be con- 
veniently separated from the dyna^mo by an iron 
screen, this is well worth doing. It seems to inter- 
cept the above enemies to insulation, and also heat 
radiated from the cylinders and steam pipes. 
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Insulation of the Dynamo from the Base. — ^This sub- 
ject is treated at greater length in a subsequent part 
of the chapter, but it may be useful to mention here 
that before the dynamo is bolted to the engine bed- 
plate, a thick sheet of vulcanised fibre, or even 
asbestos, should be interposed. If the latter is used 
it should be moistened before being placed under the 
dynamo. The bolts should be thin in proportion to 
the diameter of the bolt-holes, and sleeves of fibre or 
rubber tubing placed over them to prevent metallic 
contact. Under bolt -heads, also washers of vulcan- 
ised fibre, should be placed for the same purpose. 
The dynamo should, in short, have its firame com- 
pletely insulated from the bed of the engine. 

Speed of the Reciprocating Engines. — ^The average 
speed of the single and compound engines may be 
taken at 400 revs, per minute. The large engines 
move from 200 revs, to 400 revs., while the smallest 
attain about 600 revs. The larger engines, running 
at the lower speed, indicate from 50 to 100 h.p. The 
smallest, moving at the highest speed, indicate from 
5 to 50 H.P. Dynamos to work with those engines 
must develop their full effect at the average speed of 
the engine. 

Reciprocating engines for ship lighting should be 
fitted with governors that can be adjusted to higher 
or lower speed without stopping the engine. The 
governor must also be sensitive, and act quickly when 
the dynamo calls for more or less power. The 
Pickering and the Tumer-Hartnell governors fulfil 
these conditions very well. The lubricators must be 
arranged to permit of long continuous runs without 
stoppage. Important bearings should be fitted with 
sight-feed lubricators. 
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Speed of the Special and Rotary Engines. — Engines 
of special build, such as Willin's central valve, the 
" Tower " and " Globe," are capable of much higher 
speeds than the simple reciprocating types. The 
advantage of this is that a smaller dynamo running 
at a higher rate of speed may be used. The first cost 
is thereby lower than for slow-running plant, but 
such special engines are more expensive at the out- 
set, and cost more to maintain. The strictly rotary 
engines may be regarded as a class apart. Parson's 
Steam Turbine appears to be the best practical 
representative of this class, and it has been largely 
used aboard ship. 

Steam Pressure available. — ^The size of the engine to 
run a given plant will greatly depend upon the 
available steam pressure. The higher the pressure 
the smaller the engine required. In large steamers 
it is usual to run the electric plant off the donkey or 
pump-engine boiler, and when this is of sufficient 
size it is usually employed to run the winches when 
in dock, so that there is a constant supply of steam 
for the lighting. The lamps are thus maintained 
alight below deck for months at a time. 



CHAPTER III. 

DYNAMOS FOR SHIP- LIGHTING. 

Practical Requirements of a Ship's Dynamo. — Many 
makers of dynamos have produced machines claiming 
to be suitable to the work of lighting sea-going 
vessels. That few of these have studied the practical 
requirements in such a machine, is shown by the 
small number of dynamos actually suitable and used 
by shipowners for the purpose. It is one thing to 
build a machine that might be used successfully upon 
a ferry steamer, and quite another to design a 
dynamo capable of the work aboard an ocean-going 
vessel, exposed to bad weather, and away from shore 
assistance for weeks or months at a time. 

Contintcous or Alternating Current. — ^Attempts have 
frequently been made to employ the alternating 
current aboard ship. They are mostly failures. The 
continuous current offers so many advantages that it 
is improbable that alternators will ever be used in 
ship-lighting. The continuous current is well adapted 
to work through the single wire system of distribu- 
tion, so much used in ship-lighting. Volt and 
ampfere meters of simple types can be employed. 
The danger from personal shock is very much less 
than is the case with alternating current, or is entirely 
obviated when direct or continuous current is used. 
And it should be borne in mind that as steamships 
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are almost invariably built of iron or steel, the chance 
of closing a circuit through the body is much greater 
than in the case of a shore installation. There are 
metal contacts in every part of the ship, and a high 
voltage of alternating current aboard such vessels, 
even if insulation be of the best, is a very question- 
able advantage. There is still further the question of 
distributing power to fan and other motors by means 
of electricity, which is quite simple with the con- 
tinuous current, but would be almost impossible if 
alternating currents were employed. It can, further, 
be shown that less insulation will suffice for con- 
tinuous than for alternating current on shipboard. 
Hence the first cost of wiring for continuous current 
is the lesser of the two. 

Regulation — Compoundy Shunty or Series Dynamo ? — 
Given a continuous current dynamo, the question 
arises whether it should be compound, or shunt, or 
series wound. It is incorrect to say that any one of 
these types is adapted to all the purposes of ship- 
lighting. But for the running of incandescent lamps 
in parallel there can be no question that the compound 
wound dynamo is to be preferred for ordinary pur- 
poses. 

For the benefit of the uninitiated it may be useful 
to explain what is meant by shunt and compound 
winding, because both types of dynamo are used in 
ship-lighting. When a dynamo is required to main- 
tain a fairly-constant currency a condition essential in 
running arc lamps in series, the circuit of the . 
armature is continued through the field magnet coils, 
so that the whole forms practically a single path. 
The circuit of the lamps is included in this path. 
The electricity evolved in the armature therefore flows 

E 
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through it to the magnet coils, and from them to the 
lamp portion of the circuit, and so back to the 
armature. 

This is known as series winding in the machine, 
and series working in the lamp part of the circuit. 
It is largely used for arc lamps, because such a 
dynamo tends to evolve more or less current of itself, 
as it is called for by the lamp portion of the circuit. 
Such a dynamo works very well so long as the resis- 
tance of the external part of the circuit remains fairly 
constant, but it fails if this varies much, because it is 
incapable of maintaining a constant pressure or poten- 
tial under varying conditions of the circuit. The field 
magfnets of a series dynamo are wound with thick 
wire, forming a single length of wire, through which 
the whole of the current passes. 

In the shunUvjo\xn6, dynamo two paths are open to 
the current as it leaves the armature. If two paths 
be open to a current it does not choose either entirely. 
It divides itself between them. That portion which 
offers the lesser resistance carries the larger pro- 
portion of the current. In the shunt dynamo the two 
paths are, firstly, the external work, or lamp portion 
of the circuit, and, secondly, the field magnet coils. 
The latter are composed of thin wire of considerable 
length, and offer considerable resistance to the 
passage of the current. Therefore, a small proportion 
of the current only flows around the magnets. The 
latter, indeed, form merely a shunt, loop, or by-path 
to the work circuit, in which most of the energy is 
expended. 

The effect of this arrangement is very strikingly 
manifested if a shunt- wound dynamo be used to light 
a few arc lamps arranged in series. If we commence 
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by switching on one lamp, a given proportion of the 
current will flow through it, and a proportion, depen- 
dent upon the resistance, will flow in the field magnet 
coils. If we now switch in another arc lamp the 
effect will be to nearly double the work resistance, 
therefore a smaller proportion of the current will 
flow therein. But, since we have increased the work 
resistance, the proportion it bears to the field magnet 
resistance is relatively greater, and the effect will be 
to send a larger proportion of the current through 
the field magnet. Hence, the latter, by evolving a 
more powerful magnetic field, will cause the armature 
to give out a relatively powerful current, and the 
call for increased energy, by reason of the added 
lamp, will be promptly met. In this way, lamp 
after lamp may be switched into the circuit, and the 
dynamo may be shown to evolve exactly the amount 
of energy required, and at the proper time. If the 
lamps be switched off*, the effect will be exactly the 
converse of the above. 

It should be pointed out to those not familiar with 
the subject, that it is pressure, or electro-motive force 
that is required to vary, when resistances are switched 
in or put of circuit. The pressure depends greatly 
upon the strength of the field set up by the magnet. 
Increased and diminished current will follow corre- 
sponding changes in the pressure. 

But although it would appear from the above that 
a shunt dynamo is adapted to the working of arc 
lamps in series, yet in practice it is seldom used for 
this purpose, chiefly by reason of the comparative 
slowness of the responding power of the field magnet 
when rapid changes of pressure are called for by the 
arc lamps. The long fine coil of the magnet has too 
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much inertia, so to speak, its capacity for storing 
energy is so great that the change from weak to 
strong, and the opposite, is but slow. The shunt 
dynamo is, however, admirably adapted for the light- 
ing of incandescent lamps. 

Compound or Composite^wound Dynamo. — Forthe bene- 
fit of those who have not the leisure to study the nature 
and effects of the various windings of machines it may 
be useful to state here, briefly, the nature of the wind- 
ing in an ordinary compound ship's dynamo. We 
have already seen that a series-wound machine, as 
used for arc lamps, is admirably adapted for that pur- 
pose simply because its field-magnet coils carry the 
whole of the current, and are short and of thick wire. 
The arc lamp varies its call for current or pressure 
frequently and rapidly. If the carbons in the lamp 
happen to get too far apart, the resistance of the 
whole circuit will thereby be increased, and the light 
will fall off in intensity and volume. Hence, the 
current round the field magnet being weaker, the 
magnetic field will also fall off. 

If at this point outside help does not step in, the 
current falls off altogether. But, as the field becomes 
weaker the armature calls for less energy from the 
engine driving it, and its speed therefore tends to in- 
crease ; this is followed by increased pressure in the 
circuit, and the balance is restored. There is also in 
most arc lamps a compensating arrangement to assist 
this balancing effect. But it will be seen that the 
motor driving the machine is to a great extent the 
regulator. It is also evident that the series-wound 
dynamo is very quickly influenced by changes in the 
working part of the circuit. It is this sensitiveness 
that is taken advantage of in a compound dynamo, 



EFFECTS OF COMPOUND WINDING. 53 

together with its capacity for maintaining the current 
constant under changes. 

We have akeady seen that a shunt- wound machine is 
far from sensitive. The great capacity of its exciting 
coils causes it to lag behind and not to respond quickly 
to the changes in the lamp circuit. But it has very 
great capacity for maintaining the pressure. It is 
in fact regarded as a constant-potential dynamo. The 
shunt-wound machine performs fairly well in lighting 
incandescent lamps, but it is not perfect. As lamp 
after lamp is switched in (in parallel across the main 
leads), the resistance of the exterior circuit becomes 
diminished. Therefore a larger proportion of the 
current flows across the mains and a smaller propor- 
tion through the by-path or shunt. Hence, the 
dynamo tends to become weaker and not stronger. 
The effect is not, however, very great, because a great 
many incandescent lamps added to the circuit would 
only diminish its resistance slightly, because their 
own resistance is very great, and only a trifling 
current can flow through them. There is also the 
fact, in reserve, that as the magnetic field becomes 
weaker less power is demanded of the engine, and 
the latter tends to drive the dynamo more quickly, 
helping to restore the balance. But, notwithstanding 
this, the shunt dynamo is not generally used on ship- 
board unless the vessel carries also a set of accumula- 
tors for storage purposes. In this case the shunt 
machine is indispensable. 

But since the series dynamo is admirably adapted 
for maintaining the current constant under varying 
load, and the shunt machine, as we have seen, is 
equally well fitted to maintain folential or pressure 
uniform under a varying load, it appears that if the 
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attributes of these two types could be combined we 
should have a perfect regulator. Such indeed is the 
case in the compound or composite field dynamo. 
Its field magnets are wound exactly as for a shunt 
machine with a long coil of thin wire. Superimpos- 
ing is the series winding, consisting of a limited 
number of turns of thick wire. The former is con- 
nected so as to form a shunt or by-path to the main 
current. The latter is placed directly in the main 
circuit, as in a series dynamo. 

The effect of compounding the winding is to cause 
the machine to act as follows : — As lamp after lamp 
is switched across the mains, the call for current 
increases in proportion. Since the resistance in the 
lamp leads falls, as lamps are switched in, this 
implies diminished resistance of the series coils of 
the magnet, and a greater current flows therein, 
giving the requisite increments of strength to the field 
magnet and thereby increasing the current as re- 
quired. Meantime the shunt coils maintain the pres- 
sure nearly constant, so that the two great require- 
ments of an incandescent lighting dynamo are fully 
met. So perfect are some of these machines that one 
lamp or five hundred can be turned on, yet their 
brightness shall not vary, nor does the speed of the 
dynamo to any great extent. A good compound 
dynamo intended for use aboard ship should be 
capable of lighting ten per cent, of the lamps, and 
all the lamps, with equal brightness^ if the two sets are 
tried separately. 

Slow Speed an essential general Condition. — Experi- 
ence has shown that fast-speed dynamos for ship 
work are very unsuitable to ordinary conditions. 
The chief fault of a high-speed plant is no doubt its 
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liability to get out of repair. This fault is a general 
one, distributed under several heads. Commencing 
at the engine, a high-speed dynamo requires a fast 
engine. This of itself is more apt to get out of gear 
than a slow-speed engine. There is, moreover, the 
great objection on passenger steamers, to the noise 
inseparable from the usual kinds of fast steam 
engines. 

It is true that a slow engine may be used to move 
a fast dynamo, but not without the interposition of 
some kind of connecting gear. Belting is the best 
of. these. Straps either require floor space, which 
is usually very valuable, or they waste power by 
being curbed round the pulley to get the requisite 
grip. Instances could be given when the dynamo 
is placed vertically over the engine, as mentioned in 
a previous chapter, and in which case the objections 
to belts are greatly overcome, but these are the ex- 
ceptions rather than the rule. It may also be men- 
tioned that with some kinds of rotary engines or 
steam turbines the objection of the noise emitted by 
the engine is obviated. 

A fast-running dynamo is, in the first place, 
unsuitable at sea because it is generally a small 
machine in proportion to its work, and therefore 
performs constantly at "high pressure." This in 
itself is a fault when such a machine is placed in 
the hands of inexperienced men. But the main 
objection lies in the fact that the commutator or 
rubbing portion of the machine demands much more 
attention in a fast than in a slow dynamo. This 
skilled attention is not easily found aboard ordinary 
steamers, and even where an electrician is carried it 
is a point that is very apt to cause stoppages. 
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The internal structure of the armature is another 
point at which fast-speed dynamos are apt to fail. 
The centrifugal force is so great that the coils are apt 
in course of time to burst their wrappings and become 
otherwise displaced. The constant vibration of a 
fast-speed engine also effects undesirable changes in 
the insulation of the armature. The bearings of the 
dynamo are another point at which there is apt to 
be trouble. Unless well fitted and efficient these are 
apt to heat and cause probable stoppages. These 
are a few, but not all of the objections not unjustly 
urged against high-speed dynamos, working up to 
their full capacity. It may be well to define here 
what is meant by high speed. Any rate of rotation 
above 500 revs, per minute may be considered 
high for ship-lighting purposes. This speed may 
indeed be considered as the limit, more especially 
when the machine is connected direct to the engine. 
The lower the speed the greater the economy, 
generally speaking, from a mechanical point of view. 
As an offset against the advantages of low speed we 
have to consider that slow-speed dynamos cost more, 
weigh more, and are more bulky than high-speed 
machines. 

SizCy Capacity and Speed of Dynamos, — ^The capacity 
of similar dynamos has been variously estimated as : 
(i) proportional to the cube of their linear dimen- 
sions ; the work wasted in magnetizing the field 
magnets proportional to the linear dimensions, while 
the work wasted in heat in the armature is pro- 
portional to the square of the linear dimensions ; (2) 
assuming the speed of rotation to vary inversely as 
the linear dimensions so as to put all machines under 
equal conditions with reference to centrifugal strain, 
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it is assumed that the relative output should vary as 
in the following table, which gives the leading par- 
ticulars of two dynamos of different sizes— both fast- 
speed dynamos for ordinary lighting : — 

Diameter of Armature 
Revolutions per Minute 
Number of Glow Lamps . 
Weight (cwts.) 
Price .... 
„ per Lamp Capacity 
Electrical Efficiency (per cent.) 

Requirements at the Armature in Ships* Dynamos, 
— Armatures are either furnished with their con- 
ductors by means of a process of winding with wires, 
or by a building process consisting of fittings of 
copper bars. The low tension required in incan- 
descent lighting, which is seldom above no volts, 
enables the armature to be made of very small resis- 
tance. In other words, the conductors composing 
it need only describe a small number of turns to 
evolve the necessary potential. Hence, the aim of 
the dynamo builder is to simplify the conductors as 
much as possible, so as to render them accessible 
in case of repair. This is best accomplished by the 
system of building by means of copper bars, dispens- 
ing entirely with wires. It is probably not too much 
to say that all ships' dynamos should be furnished 
with bar armatures, and that the more complex wire 
coil windings be entirely excluded from this type. 

Requirements respecting the Commutator* — ^This part 
of the armature, consisting of a copper cylinder 
divided into sections radially, should be of the best 
construction in a ship's dynamo. The commutators 
that wear best are composed of hard drawn copper, 
or preferably, phosphor bronze. The insulating sub- 
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Stance forming the divisions between the radial sec- 
tions should be mica. The surface of the commutator 
should be " dead true," and quite smooth. The 
cylinder should be of sufficient length to accommo- 
date at least one pair of brushes to take off the 
current from each diameter. 

A commutator that is furnished with one brush 
only on each diameter should be rejected. The 
object of providing two or more brushes upon each 
side is not only to insure effective collection of the 
currents. Its chief object is to provide a means 
whereby the attendant may withdraw and trim his 
brushes, one pair at a time, and yet not be under 
the necessity of stopping the dynamo. A dynamo 
intended for the running of from 3 to 500 lights 
should be provided with at least three brushes a side, 
or three distinct pairs. Each brush should be fixed 
upon its own independent swivel, and have its own 
holding-on spring. This arrangement insures that 
any brush may be removed and replaced without 
disturbing the remainder. 

The later types of brush rockers are further fur- 
nished with holding-off springs. The complete 
bracket, carrying the pairs of brushes, must be 
capable of partial rotation round the armature shaft. 
It is usually attached to a ring, which moves freely 
upon a concentric shoulder-piece, forming part of the 
shaft bearing at the collecting end of the armature. 

Requirements respecting the Magnet Coilings, — In a 
dynamo to be put aboard ship, which may possibly 
be engaged trading abroad, out of the reach of elec- 
tricians' workshops, particular care should be taken 
to observe that it is so arranged as to be easily taken 
apart and repaired. The chief requirement of the 
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field-magnet coils, next to their being thoroughly 
insulated and warranted not to overheat at full load, 
is that each distinct coil shall be wound upon a shell, 
so that it may be slipped off the core of the magnet 
when required. 

A dynamo that has the wire wound direct upon 
the magnet should be rejected. Each coil should be 
distinct, and the arrangements for connecting the 
coils together should be massive and effective. In 
addition, to facilitate reconnecting, parts that should 
come together should be stamped with like letters or 
numbers, so that no mistake may be made in recon- 
necting. It is a safe plan to carry one spare field- 
magnet coil ready for placing upon the dynamo in 
case of damage, mechanical or electrical, to the 
original coils. In many cases this safeguarding 
against accidents is carried so far that a spare arma- 
ture also is carried, ready to be fixed in place of one 
damaged or burned by accidental short-circuiting. 

Requirements respecting the Insulation generally of 
Ships* Dynamos. — ^If the insulation of a dynamo to be 
used ashore should be good, that furnished in the 
case of a ship's machine should be much better. The 
chief reasons for this requirement will be manifest 
when we consider that sea-going electrical plant is 
generally in charge of ordinary engineers, who, 
however skilled in their own profession, cannot be 
expected to include therein a minute knowledge of 
electrical subjects. Hence, such dynamos should be 
so insulated as to provide as far as possible against 
the effects of over-running, and consequent over- 
heating, and also those that occur when an accidental 
short-circuit is made. Main fuses or cut-outs are 
generally regarded as a safeguard against the acci- 
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dental burning up of the dynamo, and this is true 
when the plant is run by experienced persons. 

But niain cut-outs are as frequently a delusion and 
a snare. It is a common experience to find that, 
after a main fuse has " blown," a convenient bit of 
cable or copper strip is screwed into its place; or, 
possibly, if the original material, tin or lead, wire or 
ribbon, be replaced, it is of such heavy section as to 
be useless as a protection to circuits or dynamo. The 
latter device is so commonly adopted at sea that a 
little inquiry concerning it elicited the information 
that the fusible ribbon supplied for the cut-outs ^' was 
always burning out,'* and in order to save the trouble 
of replacement, double and treble layers of ribbon 
would be fixed in the cut-out. It obviously speaks 
volumes for the excellence of the insulation in dynamo 
and circuits that it should be capable of withstand- 
ing such treatment. It is conceivable that in some 
cases fuses are made so light as to " go off " on the 
slightest provocation, but in most instances the com- 
plaints against them by inexperienced persons are 
due to allowing the engine to race, or permitting 
such serious leaks in the wires external to the machine 
as to cause partial short-circuits and considerable 
overheating of the wires. 

Ships' Dynamos in High Temperature, — Reverting 
to the matter of insulation, it should be borne in mind 
that a ship's dynamo is very apt to be placed in a 
hot position in the vessel. The temperature of the 
air surrounding the dynamo is frequently as high as 
130° Fahr. When the machine's own heat is added 
to this it is conceivable that a condition is attained 
never contemplated by the builder of the machine, 
either in selecting his insulating materials or in deter- 
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mining the thickness of the coatings. Hence, ships' 
dynamos should be so insulated as to withstand a 
high temperature. 

Ventilation {Internal^ of Ships* Dynamos, — ^The 
above considerations point to the necessity for good 
ventilation within the machine itself. The armature 
should be freely ventilated, so that the air is drawn in 
at the ends and expelled at the periphery, through 
numerous openings. Ventilation of the field-magnet 
coils is seldom thought of, but it is of considerable 
importance. The most effective arrangement is that 
wherein the rotation of the armature forces air through 
the field magnet itself, or at least through recesses 
provided in the coils surrounding it. 

Journalling of the Armature Shaft. — A dynamo 
that is liable to heat at the journals is always a 
source of trouble aboard ship. There is a great 
craze abroad for the extension of the journals, so that 
they are very frequently made too long. This usually 
results in waste of power, and the production of undue 
heat, due chiefly to the difficulty of fitting such long 
bearings to perfection. Further, armature shafts are 
frequently fitted so closely in their brasses that there 
is absolutely no space for the lubricant, and over- 
heating is certain to ensue. This fault is one of 
the most troublesome in some otherwise excellent 
dynamos. It not only renders effective lubrication 
difficult, but renders the end-ptay of the shaft impos- 
sible. This end-play should be at least one-fourth 
of an inch in extent. It prevents grooving of the 
commutator by the brushes. A shaft that exhibits 
an excellent fit when cold will probably run dry and 
cause abrasion after it attains its working tempera- 
ture. 
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Typical Ship's Dynamo. 

The number of dynamo builders claiming that their 
particular patterns of machine are adapted for ships' 
use is very great. However well founded these claims 
may be, the task of describing even a small propor- 
tion of the machines does not fall within the lines of 
the present volume. Careful reference to the practi- 
cal requirements of a ship's dynamo, sketched in the 
preceding pages, will serve to assist in determining 
whether any particular machine is so designed and 
built as to be likely to suit the condition required 
aboard ship. 

With particular reference to the general design of 
the dynamo, it is noticeable that with one or two ex- 
ceptions they possess field magnets having their poles 
either bolted to the bed-plate or standing upright. 
These two kinds of machines are known as the under- 
type and over-type respectively. The under-type pos- 
sesses some points of advantage, the chief of which 
are no doubt the low centre of gravity of the moving 
parts and the convenient position of the shaft when 
the dynamo is to be direct driven, especially by a 
vertical inverted engine. 

The placing of the bearings directly upon the bed- 
plate also tends to reduce and absorb vibration. But 
it should be pointed out that all under-type bi-polar 
dynamos are subject to a source of loss. Since the 
poles of the magnet are bolted to the bed-plate (with 
footsteps of zinc or brass interposed), it is clear that 
there is a tendency on the part of the bed to close the 
magnetic circuit. 

In other words, lines of force will strike into its 
mass and form a kind of magnetic short-circuiting. 
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The interposition of even a thick plate of non-metallic 
substance will not obviate this inconvenience, and it 
is therefore certain that, under ordinary conditions, 
such dynamos are under a disadvantage in respect of 
the perfection of the magnetic circuit. Whether this 
source of loss is balanced by the obvious advantages 
of the under-type method of construction we will not 
venture to decide, but it is indisputable that under- 
type dynamos have performed very well aboard ship. 

The over-type is of later production. In this class 
the magnet, which is bi-polar, lies with its poles upward, 
the bed-plate forming the yoke or junction piece across 
the opposite ends. It will at once be seen that this 
position secures the magnet against loss, there is no 
short-circuiting of the lines of force. It necessitates, 
however, the raising of the armature shaft to the height 
of the axis of the magnet poles. There is no objection 
to this, provided the standards and bearers are made 
of sufficiently massive construction to insure rigidity 
in running. The height from the base is rather a dis- 
advantage, but it can be reduced to a minimum by 
making the field-magnet limbs short, and broad or 
wide in proportion. 

The over-type dynamo is generally regarded as the 
most perfect, generally speaking, that has yet been 
devised, and it appears to be only a question of time 
whether it will become almost universal in ship-light- 
ing in cases where a machine of moderate capacity 
suffices. 

Still another class of dynamo is likely to be largely 
used in ship work. This may be regarded as an in- 
termediate type, after the pattern of the " Manchester" 
or Hopkinson-Mather class. In this pattern the 
magnetic circle is complete within the body of the 
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magnet. It is a metallic circle with two " consequent " 
magnetic poles concentrated at the required points 
upon a line passing vertically through the armature, 
a method originally employed by Gramme, but subse- 
quently improved. This method of construction allows 



of the armature being placed low down, and it obviates 
many of the faults of both the imder and over-types. 
But it is not therefore to be assumed that the interme- 
diate type is perfect ; a perfect dynamo does not exist 
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The above class of machine has been supplied to 
several of the Atlantic liners by Mr. Crompton, who, 
however, employs two distinct pairs of exciting coils, 
a pair to each side, somewhat after the manner of Sei- 
men's original horizontal pattern dynamo. 

Reverting to the type of dynamo depicted in Fig. 
9, which represents a dynamo of the smallest size, 
the great compactness and high efficiency of this class 
appear likely to secure their adoption very generally 
for ship work. They occupy but little floor space. 
The centre of gravity of the moving parts is low, 
giving great steadiness in running and ease of fixing. 
Efficient ventilation of the armature is secured, which 
enables the machine to be worked with the full load 
without overheating. The bearings are all gun-metal 
of sufficient length, and the shaft of Bessemer steel. 
This dynamo has a very intense magnetic field, which 
is not dissipated by neighbouring masses of iron. The 
commercial efficiency is as high as 93 per cent, in the 
larger sizes. The commutator is built of hard copper 
bars, insulated with mica, and under full load there 
is no sparking at the brushes. Machines for ship- 
lighting are either shunt or compound wound. The 
former is used when there is a battery of accumulators. 
The compound machines are self-regulating from one 
lamp up to the full load. 

Kapfs Dynamo. — Fig. 10 is a longitudinal section 
and plan of a Kapp machine of the over-type, and 
having a drum armature 11 inches in diameter by 16 
inches in length. The foundation or bed-plate and 
the bearing standards form one casting. The field- 
magnet cores and pole pieces are of wrought iron, bolted 
to the foundation as shown. One of the pole pieces 
is shown in section in the plan, the gap for the other 
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being unoccupied. The connecting bolts pass through 
both pole pieces. Reference to the sections of the shaft 
bearings will show that a good deal of attention has 
been given to the lubricating arrangements and the 
device for draining off waste oil. 




Fig. 10. — Kapp's Djmamo, Longitudinal_Section. 

Reference to Fig. ii, which is a transverse section, 
will render the arrangement of the parts clearer. The 
metallic shells upon which the magnet-exciting coils 
are wound are shown in section upon the limb to the 
right. They may be slipped off the pole pieces when 
the extension of the latter, shown bolted to the ex- 
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tremities of the curves, are removed, or obviously the 
coils may be removed by unbolting the pole pieces or 
cores from the foundation. This is an admirable 
arrangement, since it permits of the removal of the 
coils for repair without undue loss of time. In the 
machine under review the dimensions of the field 




Fig. II. — Kapp's Dynamo, Transverse Section. 



magnet are 15 by 5I inches: section of core 86 
square inches. The coilings are as follows. Shunt 
windings, each limb, 11 layers of 139 turns of -056 in. 
wire. Series windings (compound machine) 23 turns 
of copper tape '480 inches by 130 inches. The fine 
wire on the two limbs is in series, the copper tape 
in parallel. 
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A longitudinal section through the armature is re- 
presented in Fig. 12. Its core is built up of soft iron 
disks or washers, having a radial depth of 2| inches 
and a total diameter of 1 1 inches ; section of the 
core 62*5 square inches. Throughout the length of 
the disk space there are distributed three pairs of 
ventilating disks, having driving horns projecting 
sufficiently to carry the peripheral windings. The 
windings or conductors consist of 120 copper bars, 
each of 46 square inches in sections, and having a re- 
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Fig. 12.— Kapp's Annature, Longitudinal Section. 

sistance of '014 ohm. These are formed into loops or 
diametral pairs by means of arc plates, 50 mils thick 
by if inches deep, called connectors. One of those 
is represented separate at the lower part of the figure. 
The tags at the ends of the connectors are twisted at 
right angles to its plane. 

Each pair of bars has its own connector ; their posi- 
tion when packed together and insulated at either end 
of the armature is shown at C C. The commutator con- 
sists of 60 bars of hard-drawn copper insulated with 
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mica. The whole forms a complete cylinder. The bars 
are grooved at either end as represented. Into the 
grooves fit the cup -like flanges of the binding rings 
and sleeve shown. When those are screwed up upon 
the thread cut upon the shaft, they bind the whole 
into a compact cylinder. The brushes are carried 
upon a rocking frame of the form represented. It is 
capable of motion co-axially with the shaft, but upon 
a separate ring cut upon the bearing at that end of 
the armature. 

The whole machine is an excellent example of our 
best English dynamos. Its output at full load is 
21 kilowatts, or 105 volts, 200 amperes when run at 
a moderate speed. This dynamo would suffice to light 
nearly 400 lamps, each of 16 candle-power. 

Ship-Lighting ** Sets" — It has become the custom 
with the larger makers of dynamos to manufacture 
also the direct-coupled steam-engines required to 
drive them. Those are sold as *^ complete sets." 
Direct coupling of the dynamo does not always 
imply inflexible bolting together of the shafts. Several 
builders supply friction couplings, and those have this 
advantage, that they can be so adjusted that any ab- 
normal load thrown upon the dynamo may cause 
slipping at the coupling and save the insulation from 
burning. This class of coupling and also a running 
friction as used by Messrs. Crossley with their gas 
engines, is now supplied by the Brush Company in 
the case of their " Victoria " dynamos. This latter 
kind of gear would appear to be very suitable for ship 
work, provided the few objections now held against it 
could be overcome. 



CHAPTER IV. 

MANAGEMENT OF SHIP DYNAMOS, 

Precaution against Vibration. — ^Vibration caused by 
the racing of the main engines in bad weather will 
cause faults to appear upon the surface of the com- 
mutator, unless the dynamo be thoroughly bedded. 
There will also be a troublesome tendency to jar the 
terminal and brush screws loose, should there be any 
freedom between the dynamo and its foundation. 

Examination for Serious Faults. — ^Dimming or fluc- 
tuation of the light, when it is not due to leakages 
from the mains or branches, will generally be found 
to be caused by some short-circuit within the dynamo 
itself. These faults may generally be found to be 
due to one of the following causes : — 

Short-circuit in Field-Magnet Coils, — When the 
dynamo is running, the coils should be felt for tem- 
perature. If one portion is very hot and another cold, 
it is certain that there is a short-circuit in the cold 
coil, by reason of which the current does not pass 
through it, and the excess is thrown on to the hot 
coil. The fault is generally due to contact between 
some part of the cold coil and the metal-work of the 
machine, causing a fault which passes current away 
to another fault upon the hot coil. It is well first to 
ascertain that the connecting spirals leading to 
terminals and connections are fully insulated from 
each other, and from all metal-work. 
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To test for short-circuit to the metal-work, a gal- 
vanometer and cell may be used. The cell, galvano- 
meter, and a length of wire are connected to one end 
of the magnet coils. Contact is then made with the 
wire to any exposed part of the metal-work. A deflec- 
tion on the galvanometer indicates that the magnet 
coil is in contact with the metal-work. But a simpler 
method consists in running the dynamo, connecting 
a length of wire to one terminal at a time, and touch- 
ing for an instant any exposed part of the metal- 
work. A spark given off at the end of the wire indi- 
cates a short-circuit. In case of a short-circuit of 
this kind, when it cannot be reached from without, 
the unwinding of the whole of the magnet coil may 
be required, as such a fault is generally due to a 
breaking-down of the insulation between the inner, 
or end coils, and the metal reel or sheath separating 
them from the iron of the magnet. As a rule, how- 
ever, such faults are generally due to careless con- 
necting at terminals, or to the elastic spirals there 
touching metal-work. 

Failure to Excite. — ^When the dynamo is started, 
and the field magnet does not excite, there can be no 
current given off by the machine. The failure to ex- 
cite is due to there being no current in the field coils. 
This will usually be found to be due to imperfect con- 
nections. The brushes may not press upon the com- 
mutator. The connections of these to the terminals 
are not complete. The connection between the coils 
is imperfect, or some part of the magnet coil is broken 
through or cut — there is, in fact, an incomplete 
circuit. Commencing at the brushes, it is well to 
examine all the points. 

Failure to excite may be due in rare cases to the 
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residual magnetism of the field being too weak. It 
may be due to some serious fault in the armature. 
The commutator may be coated with charred oil and 
impurities. These may have become bedded in 
the insulation between the segments, especially if 
the former be composed of asbestos, as is frequently 
to be found in the earlier dynamos. In the case of 
a shunt-wound dynamo — having no series coils — 
failure to excite may be due to there being no resis- 
tance between the terminals. Shunt dynamos may 
sometimes fail to start work when a conductor of no 
appreciable resistance joins the terminals. This is 
due to the fact that whatever current is generated 
passes through the interpolar wire, and little or no 
current in the field coils. 

This fault may sometimes occur when a shunt- 
wound dynamo is connected to a single arc lamp ; 
the carbons being in contact, the resistance is very 
small. In such case, a small resistance-coil may be 
switched into the circuit for a moment until the light 
is shown in the lamp. Some arc lamps are furnished 
with a resistance of this kind, cutting itself out auto- 
matically when the arc is started. But the chief 
causes of failure to excite are weak residual mag- 
netism—broken circuit — imperfect contact, or short- 
circuit. A short-circuit in field-magnet coils may 
generally be noticed by there being more sparking at 
one brush than at the other. 

Armature Faults, — Dimming of the light may indi- 
cate a short-circuit in the armature. This may 
generally be detected by testing the temperature of 
the coils one by one immediately after stopping. 
When a short-circuit occurs, the coil will not deliver 
its current to the lamps. The current circulates in 



BROKEN WIRES IN AN ARMATURE. 73 

itself, and the result is great heat in the coil. After 
a time, if the fault should remain undetected, the heat 
will increase so as to bum off the insulation. This 
stage will be indicated by smoke arising from the 
armature, and by a smell of burning varnish. 

Such a fault is sometimes due simply to particles of 
metal bridging across the insulating interspaces of 
the commutator. It may be due to copper dust 
between the connecting-wires from the commutator 
to the coils, or to a dead contact between the first 
and last wires of the coil. Some of the best dynamos 
now built for ship work are so arranged that a faulty 
coil may be removed from the armature, and a new 
one put in its place, in a very few hours. This is a 
very great advantage in a sea-going dynamo. Faulty 
armature is very generally the result of bad or ig- 
norant treatment of the commutator. 

Broken Wire in Armature, — A short-circuit in an 
armature often commences by a breakdown of the 
insulation at a weak place, when there exists a great 
difference of potential. This results in the setting up 
of a small arc. The arc may be insignificant, but it 
will in time certainly burn away the wire at that 
point, causing a complete break. These internal 
breaks are difficult to locate. Their existence may 
not be suspected for some time, until the dynamo 
begins to fail to give its usual current. Internal 
breaks are tested for by means of a magneto-detector, 
or a battery and a galvanometer. It is necessary to 
know the plan of the armature, so as to be able to 
locate the ends of the coils. As a rule in drum 
armatures the extremities are connected to exactly 
opposite segments of the commutator.* 

* Plans of the connections in all the ordinary armatures are given in 
Chap. XI. of <* Dynamo Construction." 
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The battery or magneto-connections are to be 
established through a galvanometer between the 
segments representing the ends of the armature. 
If there is a fault no deflection will occur. Should 
there be a weak or partial deflection it may be due to 
a break partially bridged across by copper powder, 
offering great resistance. In testing for faults in the 
armature in this way, it is necessary to make sure 
that the points of contact selected really do represent 
the extremities of the coils. 

In Gramme or ring armatures adjacent segments of 
the commutator generally represent the extremities o£ 
the coils. It is advisable that every attendant upon 
dynamos should be furnished with a plan of the arma- 
ture connections by the builder of the machines, so 
that he may be enabled to locate short-circuits with 
certainty. 

An internal fault in a coil usually necessitates the 
replacement of that coil, and it is a rather serious 
fault when it occurs in a drum armature, wire wound, 
according to the Alteneck or Frolich method. Sharp 
bends in the wire are frequently the cause of such 
internal faults. Hard-drawn copper will not with- 
stand sharp bending without showing some flaw upon 
the outside of the bend. When a fault cannot be 
located, owing to the winding of the armature being 
unknown, all connections between the armature coils 
and the commutator may have to be broken. It will 
be necessary in doing this to number each wire and 
each corresponding segment of the commutator for 
proper replacement. 

Then it will be a simple matter to determine the 
extremities of any particular coil. This can be done by 
connecting the magnets or battery and galvanometer 
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to one of the extremities, and touching each of the 
others in succession with a wire leading from the re- 
maining terminal of the galvanometer. A deflection 
of the needle will indicate the other end of the coil, 
generally speaking, but a deflection may be got 
possibly by reason of a short-circuit between two 
coils which should be quite distinct. In testing ends 
in this way, it is necessary to so separate them that 
during the test any pair does not happen to come 
into contact. 

Bar Armatures y that is, armatures in which the 
place of the wire coil is taken by single bars or strips 
of copper, are not so liable to faults of short-cir- 
cuiting as the wire-wound armatures. Bar armatures 
are especially well adapted for ship dynamos. Their 
great advantage, apart from their freedom from faults, 
lies in the fact that any bar may be removed and 
freshly insulated by the ordinary engine-room artificers 
while at sea. This operation is not diflicult, while the 
same process in the case of a wire- wound ring or drum 
is both lengthy and demands much greater skill. 

The removal of a bar from a drum armature is com- 
paratively easy, while the same operation as applied 
to a Gramme armature is more difficult. In either 
case it is accomplished by first exposing the whole 
length of the armature. This can be done in one of 
two ways. The field magnet may be separated, and 
the top of it — in the case of a horizontal type 
dynamo — lifted up, or, in the case of an over-type 
dynamo, the armature may be removed from the 
main casting lengthwise. 

But in many dynamos of the over-type, the whole 
length of the armature may be rendered accessible 
by merely unbolting the brass connection-piece 
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between the upper horns of the field magnet. It is 
better to leave the armature in its bearings than to 
remove it. The exterior bindings or bands sur- 
rounding the armature must in most cases be taken 
oflf. These require careful replacement. Connections 
to commutator and to duplicate half must be broken 
before a bar can be removed. 

In the case of a ring bar armature, of which t5rpe 
Crompton's dynamo presents a good example, both 
the exterior and interior bars must be taken out to 
permit of the re-installation of a complete " turn.'* 
In the case of a drum armature — the Edison-Hopkin- 
son, for example — the complete *• turn " consists of 
two exterior bars nearly opposite to each other upon 
the periphery of the armature. Fortunately, the bar 
armatures are not particularly liable to faults of 
insulation, but accidents will sometimes happen to 
the most carefully-insulated machine, and the ma- 
terial separating a pair of bars may be burned out 
entirely. The materials used for re-insulating bar 
armatures are chiefly vulcanised fibre and rubber, 
with varnished linen and tape. 

In replacing bars care must be taken to insure 
that it is packed tightly ; that the ventilating spaces 
of the armature are not choked up, and that it be 
effectually connected both to its other half and to the 
commutator segment representing it. Afterwards, 
the winding on of the exterior band is a matter of 
skill and thoroughness. As a rule, the bands are the 
chief protection against the casting-off effects of centri- 
fiigal force, and they must therefore be replaced as 
tightly as before. The great advantage of bar arma- 
tures bolted, instead of soldered together, is appre- 
ciated when repairs have to be carried out. 
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Removal of Wire CoiL — Wire-wound armatures 
cannot usually be tested while in position, if a coil 
requires to be replaced. The coil of a drum armature 
consists of two halves running parallel to the axis 
at opposite sides of the armature. The winding is 
carried over the ends, and it is therefore a complex 
matter to remove such a coil. It cannot be done, 
as a rule, without unwinding all the other coils, and 
a breakdown generally involves complete unwinding 
of the whole. For this reason wire-wound armatures 
for ship dynamos in foreign service should always 
be in duplicate, owing to the time required in re- 
winding, and the uncertainty of its being in the 
power of the regular attendant to accomplish the 
work. 

Advantages of the Bar Armature. — Bar-armature 
dynamos are thus in every way better suited for ship- 
lighting than any other form. Wire-wound arma- 
tures are resorted to when a high potential is re- 
quired. A high potential demands that the coils of 
the armature shall have a considerable number of 
turns, and this cannot be obtained in a bar armature. 
But the usual 55 or 105 volts necessary for incandes- 
cent lamps is not a high potential. It is easily 
evolved by an armature of few turns, moving at a 
slow rate of speed. Hence, it is safe to assume that 
wire armatures can be dispensed with for ship 
lighting. 

Avoidance of Breakdowns of Dynamos, — In capable 
hands a dynamo seldom breaks down. A **bum 
out" of a coil or bar is due to a short-circuit by 
reason of which that bar does not yield its current 
to the working circuit. Its current continually cir- 
culates in itself until over-heating destroys the 
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insulation. This may be due, as before pointed out, 
to some defect in the commutator, or to some metallic 
contact between the ends of the coil. It is some- 
times caused by a nail, screw, bit of iron, or a tool 
falling unobserved and lodging securely between 
two wires, between which there is a considerable 
potential difference. Or it may be due to a blow 
received by a bar or coil, by reason of which two 
portions intended to be separate are brought into 
contact. A general " burn out " of the armature may 
occur by any accident that causes a short-circuit in 
the mains. If this occurs beyond the main fuses the 
burning of these will protect the dynamo. But it is 
the practice to place the main fuses beyond the 
switch-board main connections — that is, on the main 
feeders themselves. There is thus considerable 
length of conductor between the dynamo terminals 
and the main fuses. 

Any accident, as the falling of a metal bar across 
the mains from the dynamo to the switch-board, 
may thus cause a disastrous short-circuit. Hence, 
it is a by no means unnecessary precaution to es- 
tablish a pair of master fuses at the terminals of 
the machine itself. If the latter be compound wound, 
its current will rise with every decrease of the 
external resistance, but a shunt dynamo may possibly 
be so well protected by its differential winding that 
burning may not readily occur. Hence, both series- 
wound dynamos, used in arc lighting, and compound 
machines, because they have series coils, are both 
liable to be destroyed by general short-circuiting. 

These remarks are perhaps peculiarly applicable to 
the case of ship dynamos. These machines are fre- 
quently put in charge of functionaries known in the 
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engine-room as " greasers," or oilers, whose know- 
ledge of a dynamo is . often conspicuous by its entire 
absence, and therefore accidents of a serious nature 
are very liable to occur, but if the precautions above 
mentioned be observed, a bad " burn out " may be 
avoided. 

Setting the Lead, — When the brushes of a dynamo 
are set upon the theoretical line, generally at right 
angles to the lines of magnetic force, there is apt to 
be a good deal of sparking at the brushes. Although 
this is, theoretically, the correct position for the 
brushes, yet dynamo-builders have not succeeded in 
employing materials that will enable their machines 
to collect upon the theoretical line. Hence, a certain 
amount of either backward or forward lead must be 
given to the brushes. The amount depends upon the 
speed of the machine and the current it is evolving. 

In most cases lead is given by rocking the brushes 
in the direction of rotation. In some cases, as in 
electro-motors, it is given by rocking against the 
direction of rotation. When the dynamo has no load 
on, the brushes should — in machines with vertical 
magnets — ^be, respectively, exactly on the top, and 
exactly underneath the commutator. As the load of 
lamps increases, there will be sparking at the 
brushes. This indicates the necessity for lead. The 
lever carrying the brushes is capable of turning. Its 
set-screw is released, and it is turned slightly until 
the sparking disappears. In the case of compound 
machines, the greater part of the shifting will be 
required between no-load and half-load. Between 
half and fiiU load very little shifting of the brushes is 
required. In the case of shunt machines, on the 
other hand, the shifting to full load is uniform with 
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the load — it coincides with the increase of lead. In 
series-wound dynamos, as used for arc-lighting, it is 
not usual to shift the brushes — the best position once 
found is always correct. 

Taking off Ihe Lead, — This is as important as giving 
lead. Suppose a dynamo at full load. It has as 
much lead as will insure the avoidance of sparking 
at the brushes. As the load of lamps is diminished, 
the sparking will increase, and the lead must be 
diminished. This goes on until there is no load and 
no sparking. A well-managed dynamo should start 
work with no lead in the brushes, and it should re- 
ceive lead as required by the load. The best angle 
of lead is found by rocking the brushes a little too 
far, and then setting back until sparking is at a 
minimum. In shifting brushes care must be taken 
to avoid much sparking. In machines subject to a 
very variable load, the brushes are frequently set to 
an average position and left there. 

Brushes. — These are subject to wear, and must be 
kept in a trimmed condition. The ends of brushes 
are usually filed in a brush block or clamp, so made 
as to indicate the correct angle of the ends. One 
angle cannot be made to apply to all machines. In 
filing brushes in a clamp the strokes of the file must 
not be against the leaves of the brush. A smooth 
file must be used, and the end trimmed must be flat 
and well finished. Emery is inadmissible. The very 
point of the brush should be slightly chamfered off. 
In the case of compound-wound dynamos the best 
thickness of brush is that which will touch, when 
bedded, upon one segment, one strip of insulation, 
and a quarter of another segment. In other words, 
the brush must cover one and a quarter segments. 
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One brush wears away faster than the other. This 
brush must be fed up from time to time to maintain 
its diametral position with respect to the other. The 
faces of the brushes must bed fairly along their width 
upon the commutator. If brushes be kept well 
trimmed and well bedded, and the angle of lead 
maintained correct, there will be very little wear of 
their ends. TAe circuit should never be broken by lifting 
the brushes. The result of breaking circuit in the 
commutator is to give a starting-point to a pair of 
burned spots, or "flats," which may cause almost 
endless after-trouble. Brushes must be fastened 
squarely and firmly in their brackets, and the latter 
kept scrupulously clean and free from copper dust. 

Commutator, — The shaft of the dynamo should be 
allowed slight end-play. This promotes even wearing 
of the commutator, and prevents the formation of 
grooves. The surface should be kept quite clean, and 
only lubricated by the slightest touch of vaseline. Other 
oils must be avoided. Smoothness and hardness of 
the surface should be promoted by good treatment 
and well-trimmed brushes When rough, it is better 
to use a slip of fine glass-paper than emery in any 
form. The grains of emery once bedded in the copper 
continue to damage the brushes. A fine dead-smooth 
file may be occasionally used to smooth the com- 
mutator. Brushes should be kept off while smoothing 
or filing. Flats, or burned spots on the commutator, 
are due to the following causes : — 

(i.) Lifting brushes while current is on. 

(2.) Brushes out of position with respect to each other, 
caused by one brush wearing faster than the other. 

(3.) Accumulations of oil and dirt upon the com- 
mutator, due to want of attention. 

G 
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(4.) Periodical jar caused by direct driving-engine 
being out of repair ; the jar causes extra sparking 
and burning at a given segment. 

(5.) Armature electrically out of balance, a fault 
Avhich causes extra sparking at a given segment. 

Flats or spots are sometimes treated with the file, 
by filing down the adjacent segments slightly to allow 
the brushes to bear upon the flat. But a bad flat can 
only be removed by taking a cut off" the whole sur- 
face of the commutator in the lathe. 

Most large ships' dynamos are furnished with a 
sltde-resty which may be bolted to the bed, so that a 
cut may be taken off" the commutator in postttony in its 
own bearings. This is an excellent arrangement, 
and its practice should be general. A fine-pointed 
tool must be used in turning up a commutator; a 
round-nose tool will only drag the copper over the 
insulation. A light cut should be taken. The finish- 
ing should be done with a fine file. Examination is 
necessary thereafter to see that all insulating strips 
are clear of copper, and all turnings cleared away 
from connections to coils. Armatures removed from 
machines must be very carefully handled, and covered 
with canvas while in the lathe. The supports should 
be placed beneath the shaft only when the armature 
is laid down or lifted. See that all parts of the arma- 
ture clear the lathe-saddle throughout traverse. Use 
a slow speed for turning, and a fast speed and long 
strokes for filing. Every care should be taken to 
maintain a perfectly round commutator, and a hard, 
glossy surface of contact for the brushes. This can 
only be accomplished by attention to every one of the 
foregoing hints, and general good treatment. 

Pressure of ContacL — It is a great mistake to suppose 
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that the brushes should bear heavily upon the com- 
mutator. A touch suflBcient to overcome the jarring 
effects of vibration while the main engines of the 
ship are in motion is all that is required. Pressure 
in excess of this only results in wear and tear of the 
commutator and brushes. If every attendant upon a 
dynamo would carefully note the tension of the brush- 
springs when the machine leaves the maker's hands, 
there would be less complaint as to wearing com- 
mutators. But pressure must be amply sufficient^ 
otherwise jarring will cause loose contact and the 
formation of flats. 



CHAPTER V. 
HANDLING ELECTRIC SEARCH-LIGHT, 

Very large currents are generally used for search or 
navigating lights. From 50 to 100 ampferes are fre- 
quently employed and still larger currents for naval 
purposes. The electro-motive force is commonly only 
50 volts. There is no advantage in a higher pres- 
sure. It only requires a longer arc, which is easily 
proved to be less stable than a short arc. In the 
larger search-lights carbons as large as 2 ins. in 
diameter are frequently used. The candle-power 
varies, according to the current and pressure. The 
greatest current in common use is 100 ampferes, 
yielding a light of about 30,000 candle-power. The 
smallest current is about 50 amperes, yielding about 
15,000 candle-power. 

A hand-lamp is generally used for search-light 
purposes, but there appears no good reason why an 
automatic lamp should not be made for this purpose. 
The work is rough, truly, and search-lights are sub- 
ject to ill-usage, but, notwithstanding this, an auto- 
matic lamp of sufficient strength, and to work by 
means of a rack and train, might well be adapted for 
the work. So far, however, the Admiralty have only 
approved of a hand lamp of substantial pattern. 
Ships of the mercantile marine are also provided 
with a similar apparatus, and those in the Naval 
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Reserve are furnished with the Admiralty pattern of 
hand-lamp and projecting apparatus. 

The hand-lamp (Fig. 13) consists of a substantial 
base, a, from which 
projects the attach- 
ments for the car- 
bons and mirror, e 
The main or back 
stem, b by is placed 
at an angle of about 
45° with the perpen- 
dicular. It consists 
of a planed square 
bar. Upon this bar 
slide the two car- 
bon brackets, c Cy top 
and bottom. Also 
the mirror, dy which 
occupies a central 
position, and which 
can be adjusted up 
or down by hand as 
required. The two 
carbon brackets are 
pierced with holes 
through the back 
proj ections,and these 
are screwed respec- 
tively with right and 

left-handed threads. pi^ ^ 13 —Admiralty Pattem Hand Lamp. 

A back-shaft, e By 

screwed from the end to the middle with correspond- 
ing right and left-hand threads, passes through these 
projections from the brackets. This shaft, which is 
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capable of rotation in suitable bearings, is furnished 
at its lower end with a hand-wheel, /, by means of 
which it may be rotated. It will be readily under- 
stood that when the hand-wheel is moved round the 
right and left screw either separate or bring together 
the carbon brackets, according to the direction of 
rotation. The brackets are provided with suitable 
circular bushings, ^^, for receiving the carbon-rods, 
and these are fitted with screws for fitting the latter in 
position. The upper bracket is in electrical com- 
munication with the metallic slide and the screw, 
but the lower bracket is separated therefrom by an 
insulating arm. In order to give increased rigidity 
to the lower bracket it is furnished with a tubular 
stem, which slides upon a cylindrical rod, also pro- 
jecting upwards from the base at the same angle as 
the main stem. A sliding contact is sometimes 
attached to this point. The insulation of the whole 
is effected by means of sheet asbestos faced with 
mica. 

The dimensions of the Admiralty pattern lamp 
are: — height, 32^ inches; width of base, 10 inches; 
length, 1 5 inches ; weight, without carbons, 3 1 lbs. 
This size is constructed to carry a current up to 
100 ampferes. When smaller carbons are to be 
burned than would be required for the above 
current, the carbon brackets are furnished with 
interchangeable bushings to secure * centrality of the 
carbon-rods. 

Manipulaton of the Arc, — The ends of the cables 
from the dynamo are first firmly secured in the 
binding screws of the lamp. In doing this suflBcient 
insulation should be removed from the ends of the 
cables to allow of a length of two inches of the cable 
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being passed through each terminal. This secures 
them against partial slipping. The carbons being 
fixed centrally, they are brought together by means 
of the hand-wheel, and the arc thereupon set up 
is allowed to bum for a few seconds to assist in 
shaping the points. The hand-wheel is now gradu- 
ally rotated until the carbons are separated the 
required distance to form a perfect arc. The arc is 
generally observed through a piece of smoked or 
coloured glass. The arc is lengthened until it begins 
to flare and burn blue. 

At this point the adjustment is reversed, and the 
arc slightly shortened, so as to maintain as long an 
arc as possible without liability to flaring. When 
the arc is too short it produces a hissing and splut- 
tering noise, and the light is enfeebled. The rate of 
consumption of the carbons, when they are of 40 mm. 
diameter, varies from ij inch per hour to 2 or 3 
inches per hour, according to the current, the 
density of the carbon, the length of the arc, and 
other conditions. Smaller carbons waste away more 
rapidly. 

In use the attendant must watch the arc and fre- 
quently bring the rods nearer together. Practically 
the adjustment should be continuous, because the 
consumption is continuous, but in any case care has 
to be exercised to provide against extinction of the 
light by too much or too little feeding. 

Projector for Search and Navigating Light, — The 
projecting apparatus is intended to concentrate the 
light in a given path. It is made with and without 
lenses intended to give a diverging light. Reference 
to Fig. 14 will assist in elucidating its construction. 
The lantern is generally made of metal, jointed as 
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nearly watertight as possible, and of sufficient size to 
insure the glasses and mirror and lens against crack- 
ing, by reason of the heat from the arc. The in- 
clined hand-lamp, just described, is placed within 
the lantern centrally, as shown. The front of the 
lantern carries a screen of brass rods to protect the 
glass against chance collisions. Within the metallic 
screen is usually placed a glass separator intended to 

protect the lens. The 
latter is represented in 
section. It is usually 
mounted in a flange of 
wood as shown, set in the 
metal frame of the lan- 
tern. This arrangement, 
especially if it be assisted 
by a packing of vulcan- 
ised rubber, protects the 
lens against objects strik- 
ing the exterior of the 
lantern, especially with 
respect to concussion. 
Similar precautions are 
taken in the case of the 
mirror at the back of the 
lantern, which is usually 
made with a plane surface, intended merely to reflect 
the scattered light towards the front of the lantern. 
This mirror is generally protected by a clear glass 
screen, placed between it and the arc. The mirror 
proper, or convex reflector, is a part of much impor- 
tance. It should be capable of throwing a parallel 
beam of light. Its light should be white, not yellow. 
Both the Scott and the Mangin mirrors claim to fulfil 




Fig. 14.— Suez Canal Projector, Section. 
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these requirements. The sides of the lanterns are 
provided with coloured observing glasses. 

The lantern has three principal motions : i, a motion 
in a horizontal plane to right and left ; 2, an elevating 
motion, intended to throw the beam of light upwards ; 
and, 3, a depressing motion, intended to throw the 
beam downwards. By a combination of these motions 
the beam of light may be thrown upon any distant 
object. The horizontal motion is either controlled by 
merely rotating the lantern upon its pivot, by hand, 
or by means of a worm and worm-wheel gear, con- 
trolled by a hand- wheel. The latter is usual in the 
first-class projectors of men-of-war. The elevating 
and depressing motions are controlled by a hand- 
wheel and worm-gear placed at the side of the lantern. 
In the case of navigating the Suez Canal the pro- 
jector is placed in a cage, which is slung directly 
in front of the ship's bows, and close to the water. 
An attendant occupies the cage and operates the 
hand-lamp. Further particulars of the electrical con- 
nections for projectors are given further on. 

Impedance and Choking Coils. — The electro -motive 
force of the dynamos used in the Royal Navy is very 
commonly 80 volts. Thus a very rare kind of in- 
candescent lamp, taking nearly an ampfere and a 
voltage of 80, is employed. This electro-motive 
force is too high for one arc lamp in series, and is not 
high enough for two such lamps in series. When 
the search-lights are on the circuit a special dynamo 
is generally used or reserved for them. It is a 
common, but not an invariable practice, to run two 
or more search-lights off the same machine, con- 
nected similarly to the incandescent lamps, in 
parallel. But the voltage being too high for an arc 
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lamp, some means of damming back 20 volts from 
the circuit of each lamp has to be employed, when 
upwards of 80 volts are given by the dynamo. The 
means generally resorted to for this purppose is an 
inpedance or choking coil. In many cases this con- 
sists merely of a simple resistance, either of iron or in 
some instances platinoid wire, or ribbon. The resis- 
tances generally mainly consist of spirals of iron wire, 
wound upon tubes of asbestos, which are in turn 
formed upon pieces of iron gas-piping. Open spirals 
are, however, more favourable to the dissipation of 
heat. The resistances employed vary in amount. A 
convenient resistance-frame for this purpose contains 
iron-wire coils having respectively a resistance of i, 
I, I J, 2 and 3 ohms. The iron wire should be as 
thick as No. 14, S.W.G. Each coil has its own 
switch, so that any resistance can be inserted in the 
circuit. 

In some cases these resistances are used as a 
shunt across from the lead to the return, but in 
that case must be of much greater magnitude — in 
other words the wire must be long and thin. The 
impedance coils are frequently formed around iron 
cores. The object of this is to check the great 
initial rush of current that takes place upon the 
closing of the circuit. The abnormal electro-motive 
force thus set up, when unopposed by the "back'' 
electro-motive force of the arc, is very destructive to 
the mechanism of some arc lamps. In the case of 
hand lamps it is of less consequence. Impedance 
coils are kept in the dynamo-room, near to the switch- 
board, at the root of the main leading to the lamp. 
In some cases, however, they are placed close to the 
lamp itself, although this practice is better adapted 



HANDLING OF ARC LAMPS. 9 1 

to the case of alternating current working, where arc 
lamps are run off the ordinary incandescent lamp 
wires. . In this case the choking coil must accompany 
the lamp. 



Handling of Arc Lamps. 

The arc lamp performs but a small part in the in- 
terior lighting of ordinary ships of the mercantile 
marine. In the case of inland navigation, as in tra- 
versing the Suez Canal by night, the arc light is, how- 
ever, indispensable. It is likewise used extensively 
as a cargo lamp for dock work and for coaling pur- 
poses. In the ships of the Royal Navy the arc system 
is necessarily an institution in itself. Here it is em- 
ployed both for search and signalling purposes. Tor- 
pedo and other practice is also frequently conducted 
by night by the aid of the arc light. A few years ago 
the arc lamp, as a regulating mechanism, was so 
imperfect that the use of this kind of lighting was 
confined to special purposes. Employers of arc light 
abandoned it in favour of the more expensive incan- 
descent lamp. 

But there is at the present time no good reason for 
this. Of late the construction of arc regulating lamps 
has so far developed that several of the leading pat- 
terns may be regarded as near to perfection as we are 
likely to attain. When we add to this the fact that 
arc lighting is exceedingly cheap when compared with 
the incandescent light, it will explain why arcs 
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are coming rapidly to the front again, especially for 
the lighting of large spaces, where there is plenty of 
room overhead for the elevation of the lamps. 

Different Systems of running Arcs, — Within a very 
few years back the arc light could not be subdivided. 
Every kind of attempt was made to work more than 
one lamp off one dynamo to little purpose. The 
electric " candles" of 1878 effected a partial solution 
of the difficulty, but the defect still lay in the arc 
lamp itself. The regulating mechanism therein was 
insufficient. There was only one solinoid or wire coil 
and this was placed in the main circuit. When the 
arc burned too long, and the light became weak, this 
solinoid withdrew its grip upon the upper carbon rod, 
which then suddenly dropped. The result was a par- 
tial extinction of the light and an immediate recovery, 
so much so that the arc now blazed forth in exagge- 
rated splendour, only to fall off again in a short 
time. 

The effect of this bad regulation upon the dynamo 
may be imagined. Since series-wound dynamos were 
used, a weakening of the current in the arc necessarily 
withdrew the power from the field magnet of the 
machine, and therefore the machine became weaker 
and weaker at the very time when it should have been 
the more highly excited. There was this balancing 
advantage that, as the current fell off, the dynamo was 
more easily driven, and the engine tended then to race 
(if it happened to be a badly governed engine), which, 
driving the dynamo faster, tended to augment the 
weakened current by raising the potential in the whole 
circuit. Thus even when one lamp was coupled to one 
dynamo the light was far from being steady. When 
two or more lights were placed upon one circuit the 
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result was still greater confusion, for every arc would 
be affected by the alterations in every other arc in the 
line. Hence it was considered impracticable to burn 
more than one arc from one dynamo. 

Shunt Regulation of the Lamp. — By the addition to 
the arc lamp of a shunt regulating coil those defects 
were to a great extent overcome. In the older lamps 
the controlling coil, called the series solinoid, was 
merely in circuit with the lamp, and all the current 
passed through it. In the shunt regulating lamps the 
series coil is retained, but there is also a shunt coil 
connected as follows : — The shunt coil is of fine wire, 
the series coil being of heavy wire. When the cur- 
rent arrives at the lamp it has its choice of the coils. 
Both coils are connected to the terminal. It therefore 
divides itself between them in the inverse ratio of 
their resistances, the greater part of the current pass- 
ing through the series coil and a smaller part through 
the finer shunt coils. 

The latter thus forms a by-path to the series coil. 
The part of the current that passes through the 
shunt flows back to the main and so to the machine, 
while that passing through the series coil flows through 
the carbons and forms the arc. The series and shunt 
coils are frequently wound upon the same reel, and 
the currents in them flow in opposite directions. In 
some lamps, however, the shunt coil is separate from 
the series coil. In the former arrangement there is a 
single iron core, moving freely in the coils ; in the 
latter arrangement there are cores, one for each soli- 
noid, and they act upon opposite ends of a see-saw 
lever, each pulling against the other and tending to 
maintain a balance. 

But the balance may be maintained within the 
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limits of asinglesolinoid, coiled in opposite directions 
with series and shunt wires, as already explained. 
The balance is kept up as follows : — When the current 
is turned on the carbons of the lamp are supposed to 
be in contact. There will thus occur a strong current 
in the series coil, preponderating greatly over that 
in the shunt coil, because the resistance of the main 
circuit is small when the carbons of the lamp are in 
contact. Therefore the series coil will exert a pull 
upwards, overpowering the feebler downward pull of 
the shunt coil. But the upward pull draws the carbons 
apart and establishes the arc. 

The great resistance of the arc being now in the 
circuit, less current will pass in the series coil and a 
larger proportion of it in the shunt coil. The latter 
will, therefore, exert a still stronger downpuU, and 
check the upward tendency of the pull exerted by the 
series coil, in this way striking the arc at its proper 
length. These conditions remain the same until the 
carbons bum away and the arc tends to become too 
long. The current in the series coil will thus begin to 
weaken. Its pull upon the core will relax, and as 
this implies increased resistance in the main circuit, a 
still larger proportion of the current will flow around 
the shunt. The strength of the latter will at this 
point preponderate over the strength of the series coil 
and there will occur a downward motion of the upper 
carbon. This again shortens the arc, and by dimin- 
ishing the resistance increases the current, so restoring 
the balance. 

Striking the arc is therefore effected by the series 
coil dixA feeding of the arc is controlled by the shunt 
coil. This system is known under the general name 
of the differential arc lamp system, since it is the 
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difference between the current in one coil and the cur- 
rent in the other that determines the regulation of the 
arc. Most of the best arc lamps are governed by the 
differential winding arrangement, although it assumes 
various forms in different makers' lamps. Allied to 
the single double-coil solinoid is the twin solinoid 
arrangement as found in the Brockie-Pell lamp, the 
Pilsen lamp, the Thomson-Houston lamp, and others. 
These generally act through a rocking lever, as before 
explained, the position of which varies, but its effect 
is the same throughout. In the Siemens differential 
lamp the shunt coil is separate from the series coil also, 
but placed co-axially with it, the iron core being 
continued through the centre of both. 

Feeding is effected primarily by the counter-pull of 
the shunt, but between the core upon which it acts 
and the carbon-holder, there is usually placed some 
gripping or controlling device. Thus in Brush's 
well-known arc-lamp a tilting-ring is employed to 
grip the carbon-holder rod. The ring is tilted by a 
finger attached to the core passing into the solinoid. 
This arrangement is extremely simple, and very 
effective. There appears this defect in it, that the 
current is passed to the upper carbon by the tilting- 
ring as it touches the rod. This being the point of 
contact, the rod gradually becomes pitted or burned 
in spots by reason of numerous miniature arcs set up 
at this point. Such feeding-rods require to be kept 
very clean, and free from oil or other insulating lubri- 
cant. 

Thomson and Houston also employ a similar 
gripping arrangement, acting directly upon the 
carbon-holder rod. In the Brockie lamp, a wheel and 
pinion, gearing into a rack in the carbon-holder rod. 
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are used. The wheel is pulled around little by little, 
by means of a friction-grip, under the control of the 
see-saw lever before mentioned. This arrangement 
is very effective, and overcomes 
the necessity to make contact 
through a clutch direct upon 
the rod. 

Detailed Description of a 
Differential Arc Lamp. — The 
Crompton-Crabbe lamp, a de- 
scription of which is appended, 
is used extensively in ship 
work, and contains all the 
features of improvement men- 
tioned above. It therefore 
forms a good example of the 
better kind of lamps. Its de- 
tails will, if studied, serve to 
elucidate the principles of every 
kind of differential lamp used 
ior ship work, while the old 
lamps, with single coil, had 
not the retractile power, the 
differential lamps are capa- 
ble of either feeding or with- 
drawing the carbon. The lamp 
illustrated herewith controls 
_ two pairs of carbons, and 

Fig. i5.-ConiptDQ-cr»bbe Lamp, is therefore adapted for run- 
ning a great many hours, as 
a second pair is switched in after the first has burned 
out. Referring to Fig. 15, .ff and B are rack-rods 
carrying the positive carbons. Sliding on each of 
these is a light gun-metal sleeve, S S, carrying 
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spindles, to which are attached the two large brake- 
wheels, £ Ey and between them the pinion which 
gears into the racks. These brake- wheels rest upon 
a pair of levers, the outer ends of which are pivoted 
to the framework of the lamp, their inner ends being 
connected by links to the core of the solinoid, which 
is placed in a central position vertically above the 
two inner ends of the levers. 

This solinoid is differential, G being the shunt, and 
M the main coil, and the core is partially supported 
by a spring, whose tension can be regulated by the 
screw T. This is the only adjustment required by the 
lamp for the regulation of the arc. The proper 
length of the latter is from -^nds of an inch to -Jth 
of an inch. The screw T is turned to the right to 
increase its length, and to the left to decrease it. 
Projecting vertically downwards from the sleeves, 
and parallel with the rack-rods, is a stout pin or 
finger, FF^ the action of which is as follows :-=- 

The rack-rod is supposed to be drawn up ; then if 
the lever be pulled by the solinoid above the hori- 
zontal position, the whole weight of the rod and 
carbon is supported on the edges of the two break- 
wheels, and the friction of them on the surface of the 
levers is sufficient to prevent their revolution ; hence 
this rack-rod cannot run down. But if the levers be 
below the horizontal, then the weight is carried by 
the finger projecting from the sleeve, as shown at F. 
The wheels are fi-ee to turn, the rack runs down, and 
continues to do so until the positive and negative 
carbon points come in contact. 

Now, let the current be switched on, by its^ passage 
through the main wire of the solinoid the levers are 
raised, striking the arc, and at the same time applying 

H 
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the break to the wheels. The combined action of the 
shunt and main coils on the solinoid core automati- 
cally adjusts the length of the arc. If this becomes 
too great, the increased current through the shunt 
draws down the core and levers, the break-wheels 
are left free to revolve, and the arc shortens. On the 
other hand, if the carbon points be too close together, 
the levers are raised, bringing with them the rack- 
rod and upper carbons. The fact of making the 
finger projecting from one sleeve longer than the 
other, determines which pair of carbons shall begin 
to burn first, because, on switching on the current, 
that pair which has the longer pin will be the last to 
break contact, and will, therefore, originate an arc in 
so doing. 

It will be obvious from Fig. 1 5, that, on the core 
being raised, the lever L' will apply the break 
before the lever L does. Hence it may be said that 
the rack-rod, B^ gets a start on B ; its carbon points 
are separated before those of By and are therefore 
kept a greater distance apart until , the latter are 
consumed. When this is the case, the rack-rod B is 
prevented from further fall by a stop, JT, and can no 
longer feed. Hence the arc will lengthen, the shunt 
current will increase, and the other rod. By which can 
still feed, will be allowed to descend until its carbons 
touch, starting a fresh arc. The core is raised again, 
the fresh arc burning instead of the old one, and 
everything goes on as before. 

When fitted with the full length of igj-inch 
carbon, 13 mm, in diameter, the lamps will bum from 
12 to 18 hours, according to the current passing, 
which may vary from 20 to 8 amperes, the light 
varying from* 4,000 to 1,000 candles, the light-giving 
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power being measured at an angle of 30° below the 
horizontal line cutting the arc itself. The electro- 
motive force required is 43 to 50 volts. In Fig. 16, 
the connections of the t 

lamp are still more clearly 
seen. The external case 
of the lamp is of cylin- 
drical form, and attempts 
have lately been made to 
fit the cover to the in- 
terior so closely that 
-neither dust nor damp 
might penetrate to the 
working parts. 

In the atmosphere of 
a dockyard, especially 
during coaling-time, the 
arc lamps are very liable 
to become clogged with 
particles of dust, and 
therefore call for frequent 
attention on the part of 
the cleaner. Dust-proof 
cases are therefore an 
obvious advantage, not 
only in dock but at sea, 
where arc lamps are liable 
to become ineffective by 
reason of moisture lodg- ^■ 
ing in the interior. Still sbowing connection., 

another advantage which makers of arc lamps are 
introducing at the present time is the complete in- 
sulation of the lamp case from both poles of the 
electric source. 
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In many forms of lamp it was the custom to make 
the body of the lamp act as one of the poles — gene- 
rally as the " return." This had obvious disadvan- 
tages, inasmuch as it was very apt, by coming in 
contact with metallic articles, suspension-posts, or 
wire ropes, to form an earth fault, or to earth the 
return when that was particularly undesirable. In 
the case of currents of high tension the practice of 
including the lamp case in the circuit was decidedly 
dangerous to the attendants. In the lamp above 
described a plate of mica insulates the body of the 
lamp from all its attachments, and from its base. 

Arc Lamp Trimming, — When an attendant does 
not thoroughly understand his lamps, there is likely 
to be trouble and unsteadiness of light. A few 
general rules, however, apply to all arc lamps. We 
select those that will prove useful in the case of arc 
lamps exposed to sea influences and to coal-dust and 
rain. The parts of the lamp most liable to become 
fast fixed or stiff are the sliding rods and racks 
carrying the carbons. 

In some lamps both the upper and lower carbon- 
rods move. Such lamps maintain the light at one 
point, and may be regarded as focussing lamps. In 
this case the lower sliders are generally exposed to 
the air, and their freedom of movement must be 
maintained. It is usually a mistake to lubricate any 
sliding part of an arc lamp, more especially the 
upper carbon-holder rod. In carelessly-fitted lamps 
the sliding-rods are liable to stick fast after the lamp 
has become warm in working. There should always, 
therefore, be an allowance for expansion, but the 
sliding-guide must not permit appreciable side move- 
ment on the part of the carbon-rod, otherwise the 
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latter will not work steadily in line, co-axially, with 
its fellow. 

Sliding parts must in no case be rubbed with any 
cutting powder such as emery. They should be 
merely wiped clean with a soft leather, and tested for 
freedom of motion. Most arc lamps contain within 
them a means of adjustment for working with weak 
or strong currents. 

The electro-motive force is generally assumed to 
be from 40 to 50 volts. Arc lamps do not burn well 
with a smaller pressure, and a greater does not give 
a corresponding advantage. The length of the arc 
depends greatly upon the pressure. At full separation 
of the carbons the distance should not generally 
exceed ^th inch when the current amounts to 10 
amperes or over. 

.In the Crompton lamp the length of the arc is 
adjusted by imposing a more or less tension upon a 
spring. In the Brockie lamp the adjustment is 
maintained by adding or subtracting grains of shot 
from the balancing piston. Each lamp has its own 
method of adjustment. In a few arc lamps a dash- 
pot, containing a viscous substance, as a mixture of 
glycerine and water, is employed to caxLse the gradual 
descent of the upper carbon when it is released. This 
mixture must be kept at the proper consistency. In the 
Brush lamp, fitted with the glycerine dash-pot, the 
upper carbon-rod should fall the whole distance in 
the space of three minutes. If it falls more slowly 
the glycerine is too heavy, and water must be added. 
In a freezing atmosphere there may be a tendency of 
the glycerine to harden, and a little pure alcohol 
should be added to prevent freezing. 

Inserting Fresh Carbon. — ^The carbons should be 



102 ARC LAMPS. 

of the proper diameter to suit the current to be 
passed through the lamp. Carbons 13 mm. in 
diameter may be burned by any current from 10 to 
20 amperes. For heavier currents larger carbons are 
used. Thus a carbon 15 mm. in diameter may be 
employed in the case of any current varying from 
15 to 25 amperes. In the case of small currents some 
lamps are capable of burning well with 6 amperes, 
and carbons corresponding to those currents must be 
employed. An unvarying rule cannot be given. 
Some carbons are much more dense than others, 
and therefore take a larger current to consume 
them. 

In some arc lamps the upper carbons are larger 
than the under. This is intended to assist in main- 
taining the arc in one focus, but it is bad practice. 
In most lamps the upper carbon is longer than the 
under, because it burns away the faster. 

Evidences of Excessive or Insufficient Current. — 
When the current is too great for the diameter of the 
carbon-rods, it is at once shown by the extremities 
of the latter becoming very hot to a considerable 
distance above and below the arc. A certain length 
of the rod will become red-hot, when the current is 
only sufficient to burn it freely, but this should not 
extend far from the arc. When carbons are too 
small, the overheating to which they are subjected 
greatly impairs their light-giving efficiency. When 
the current is too small for the size of the carbon, the 
extremities of the latter do not become sufficiently 
heated, and the whole of the rod is not included in 
the consumption by the arc. 

The rods become irregularly shaped at the ends 
and are (the positive) deeply pitted, or have eccentric 
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points (the negative), as the case may be. The current 
and the diameter of the carbon should be nicely 
adjusted to suit each other. 

Direction of the Current in the Arc. — The direction 
in which the light of the electric arc is thrown greatly 
depends upon the position of the carbon points 
between which it plays. The positive point, or that 
from which the current flows, becomes hollowed out, 
while the negative becomes pointed. In a lamp to 
be hung overhead the arc will be projected down- 
wards if the upper carbon be the positive, as is 
usually the case. If the under carbon be positive the 
arc will become diffused upwards. This peculiarity of 
the arc is frequently taken advantage of in both pro- 
jector and lighthouse lamps. In the latter case it is 
usually desirable to throw the light upwards, aided 
by the lenses of the lantern. 

In the case of ordinary lighting the positive wire 
from the machine should invariably be connected to 
the terminal of the lamp communicating with the 
upper carbon. If there should be any doubt as to 
which is the positive lead, as in the case of the 
machine being at a distance, it can soon be ascer- 
tained by allowing the arc to bum for a few 
moments. 

Variable A re — Unsteady L ight—^* Pumping.*' — When 
an arc varies much at short and irregular intervals, 
and the lamp is a shunt-wound one, the fault is not 
generally in the engine, or in the dynamo, or circuit, 
but in the lamp itself. It points either to bad carbons, 
or to some defect in the feeding arrangement of the 
lamp. In the case of balanced lamps the sliding rods 
may not move freely. In the case of a lamp with a 
clutch, wheel and pinion, it may be due to irregular 
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action upon the clutch, which may be partially slipping 
upon the flange of the wheel. In more cases it is due 
to faulty connections or contacts, especially in lamps 
making connection with the carbon-holder rod by 
the aid of the tilting ring, now so well known. 
Regular fluctuations of the light, especially if rapid, 
are known as " pumping," and are generally due to 
an unsteady output of the dynamo, the commutator 
of which may be faulty, or the driving may be 
irregular. Faults in the line usually result in dim- 
ming of the light, due to leakage from the lead to the 
return, or from the former to earth. Intermittent 
dimming may be due to the lead or return being 
swayed by the wind against some metallic or wet 
contact, so establishing a momentary short circuit, 
or the lamp itself may be in motion and its action dis- 
turbed by the same cause. 

Faulty -^4r^.— The arc may be made too long for 
the electro-motive force and current. An unsteady 
arc, which is not due to any of the above causes, is 
almost certain to be too long. At this time it pre- 
sents a very blue appearance, and has a flaring look. 
The length of the arc should be adjusted until it 
has a firm, steady appearance. 

Hissing of the Arc is almost invariably caused by 
the separation of the carbons being too small. It 
indicates an abnormally high temperature of the arc. 
Notwithstanding this, too short an arc emits but a 
feeble light, chiefly because the arc is partially 
shrouded by the edges of the positive carbon. A 
greater separation of the points should be made by 
the means of adjustment provided on the lamp. But 
hissing may be caused by the current being too great 
for the size of carbons in use. Coppered carbons 
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are sometimes troublesome in this respect. These 
carbons emit an arc having a greenish tint, and are 
better adapted for outdoor than internal lighting. 
Frying or hissing is in some cases due to bad car- 
bons. When a lamp is first started the light is 
neither so good nor so steady as it will ultimately 
become. This is due to the faulty shape of the points 
at starting. An arc will not burn well in a draughty 
place. 

Handling of the Thomson- Houston Arc Lamp. — A 
great many of these being in use in connection with 
cargo work, it may prove useful to offer a few hints 
as to their treatment, since they are rather different 
from English lamps. 

Tension of the Rods, — ^This is adjusted by raising 
or lowering the arm at the top of the guide-rod, thus 
increasing or diminishing the tension of the clamp 
spring. If the tension is too tight the rod and 
clutch will wear badly, the feeding will be uneven, 
causing unsteadiness in the lights. Too weak tension 
will not allow the clutch to hold up the rod, and any 
sudden jar to the lamp will cause the rod to fall and 
the light will be extinguished. The double lamp 
should have the tension of the second carbon rod a 
trifle lighter than on the first one. When adjusting 
the tension care should be taken to keep the guide- 
rod perpendicular, and to insure that it is in perfect 
line with the carbon rod. It should be free to move 
up and down without any tendency to stick. The 
tension of the clutch in the D lamp should be the 
same as of the K lamp, and is adjusted by tightening 
or loosening the small coil spring from the arm of 
the clutch to the bottom of clamp stop. 

To adjust the Feeding-Point, — Depress the main 
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armature as far as it will go. Then Dush up the rod 
about one-half its length. Release^he armature and 
then press it down slowly and note the position of 
the lower side of armature above the base of the 
curved part of the pole. When the rod just feeds this 
should be one-fourth of an inch. If this distance is 
not secured, raise or lower the small top which slides 
on the guide-rod passing through the arm of the 
clutch, until the carbon rod will feed when the bottom 
of the armature is one-fourth inch from the pole. To 
adjust the double lamp the above will indicate what 
should be done with regard to the first rod. After 
this has been done let the first rod down until the 
cap at the top rests on the transfer lever. The second 
rod should feed with the armature at a point one six- 
teenth inch higher than it was while feeding the first 
rod, that is it should be five-sixteenths inch from 
the base of the pole. In the D lamp the feeding- 
point is adjusted by sliding the clamp stop up and 
down so that the rod will feed when the relative dis- 
tance of the armature of the lifting and the armature 
of the shunt magnets from rocker frame are in the 
ratio 2 to I. There should be a slight play in the 
rocker between the legs of the rocker frame. 

General Examination. — Make a careful examination 
of all joints, screws, wires and connections of the 
lamps. The armatures of all magnets should be cen- 
tral with the cores and come down to them squarely 
and surely. There should not be a separation of one 
thirty-second inch between the silver contact when the 
armature of the starting magnet is down. The con- 
tact should be square when the armature is raised. 
The arm for adjusting the tension should not touch 
the wire or frame of the lamp when at the highest 
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point. There should be a space of three thirty -seconds 
inch or one-eighth inch between the body of the clutch 
and its arm. This is to allow for wear of its bearing 
surfaces. Trim the lamps with carbons of the proper 
length to cut out automatically, that is, there should 
be twice as much projecting from the top as from the 
bottom holders. 

Allow a space of one-fourth inch from the round- 
headed screw in the rod near the upper carbon -holder 
to the edge of the upper bushing when the switch is 
turned off to allow sufficient space to start the arc. 
Accurate centring of the carbons is very desirable. 
The rods should be slowly rotated into their holders 
until a co-axial position is found ; they should then be 
firmly clamped. The arcs of the 1,200 c.p. lamps 
should be adjusted to three sixty-fourths inch with 
full length of carbon. Arcs of the 2,000 c.p. lamps 
should be adjusted from one-sixteenth inch to three 
thirty-seconds inch when good carbons are used. 
Lamps should always maintain a fairly even arc. Its 
length will slightly increase as the carbons bum away, 
but the arc should not flame, hiss, nor the lamp over- 
feed at any time. 

If the switch is opened and the lamp thus thrown 
out of circuit and then quickly thrown into circuit 
again, the top carbon should " pick up ** promptly 
with normal arc and not hiss longer than a few seconds 
and then burn as quietly as before. When again tested 
by drawing the top carbon up by hand the lamp 
should cut out promptly and not " flash " the dynamo. 
In case the arc is very long and causes flashing ex- 
amine the contacts and see that they are clean, and 
make effective, square connection. Examine also the 
centring of the armature. The action of a bad feeding 
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lamp may be confounded with that of a bad flaming 
carbon. This can be readily distinguished after a few 
minutes' observation. The arc of a bad feeding lamp 
will generally grow long until it flames, the clutch 
will release its hold suddenly, the top carbon will fall 
until it touches the under carbon, and then again pick 
up. A bad carbon may bum nicely and feed evenly 
until a faulty spot in the carbon is reached, when the 
arc will suddenly become long, and flame and smoke 
due to impurities in the carbon. Instead of dropping, 
as in the above supposed case, the top carbon should 
fall to its correct position without touching its fellow 
below. 

Personal Precaution, — When several arc lamps are 
run upon the same circuit they are almost invariably 
in series, and therefore the electro-motive force is equal 
to the number of lamps multiplied by some figure be- 
tween 40 and 50. Hence, when even five such lamps 
are in series the pressure is sufficient to disable the 
attendant if he be not warned. There is only one safe 
rule, and it is to never handle an arc lamp until after it 
has been switched out of circuit. 

Automatic Cut-out. — ^When several arc lamps are 
run in series, a fault in one of them might serve to 
break the circuit, and all the others might be extin- 
guished. But the automatic cutting-out device now 
applied to all lamps obviates this difficulty. It is gen- 
erally of an electrical nature. It usually consists of a 
small auxiliary electro-magnet, connected as a shunt in 
such manner that when the current through the arc fails 
from any cause, as the burning out of the carbon rods, 
the whole current passes through it. The armature 
attached thereto is then pulled over and serves to put 
the lamp out of the circuit by means of an indepen- 
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dent pair of contacts. The main current thus passes 
the lamp, without entering the coils, and the general 
circuit is not disturbed. When lamps are arranged 
to cut out in this way the dynamo is liable to be dis- 
turbed by sudden falls in the resistance of the circuit, 
and should be furnished with a compensator. 



CHAPTER VI. 

WIRING AND FITTING OF SHIPS. 

Complex Requirements of Ship-Lighting. — The fur- 
nishing of electric light to a large modern the- 
atre has been considered by experts as a matter 
demanding for its successful accomplishment a great 
deal of thought and care. But it has been well said 
that even this task is simple compared with the 
successful wiring and fitting of a liner of the mer- 
cantile marine or a man-of-war. In the former case 
the course of the wires is at least not subject at any- 
time to be under water or surrounded with moisture ; 
all is dry, and likely to remain so. Therefore the 
chief attention is bestowed upon the proper distri- 
bution of the lights and their efficient regulation, 
with precautions against breakdowns in the dynamo- 
room or upon the circuits. But in the case of a ship 
the conditions are very much less favourable, and 
even more complex. A modern ship consists of a 
great number of separate compartments, made 
water-proof by means of longitudinal and trans- 
verse bulk-heads. These extraordinary precautions 
are taken to obviate the danger of sinking in case 
of accident as from collision or torpedoes or other 
projectiles. 

Provision against Effects of Collisions y &c, — In con- 
sidering the scheme of lighting the possible con 
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tingency of one or more of the watertight compart- 
ments being full of water has to be considered. It 
is not only necessary to provide for the lighting of 
each division of the vessel, from the deck to the 
bilge, but such precautions must be taken as will be 
likely to insure against the extinction of the light in 
any other part of the ship in the event of a particular 
compartment being flooded. 

It may be contended that this contingency, in the 
case of vessels of the mercantile marine, is suf- 
ficiently remote to render such precautions unne- 
cessary. But, although there may be some reason 
in this, yet it should be remembered that collisions 
are of daily occurrence,, and that they most frequently 
occur during the hours of darkness. 

If, therefore, we consider that such an accident is 
likely to extinguish all the lights, and total darkness 
follows an alarming crash, the effects amongst a 
mixed crowd of passengers are sufficiently obvious to 
impel shipowners to arrange at least for a continu- 
ance of light in the event of even a great disaster. 

Chances of Fire at Sea, — But the possible flooding 
of compartments with water are not the only things 
to be considered in ship wiring. Vessels of the 
merchant service and war-vessels also carry at times 
large quantities of combustibles. The former carry 
very frequently that most dangerous kind of cargo, 
cotton, filling hold after hold. The latter carry stores 
fore and aft, fitted with various fire-raising materials 
and explosives. 

But the merchant service are much more liable to 
suffer from fire at sea than the ships of the regular 
navy. It must not be supposed that passenger 
vessels, even of the first class, can afford to refuse 
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cargo of a combustible nature. Indeed their load is 
generally of this kind, and cotton is very commonly 
carried. Spontaneous combustion of cotton is now so 
well recognised that at no time is a vessel carrying it 
strictly free from the risk of an outbreak of fire. 

Hence it will be seen that fire in a compartment is 
a greater enemy to the electrician than water. If his 
main cables pass through the compartment flooded 
or containing fire, he may expect at any moment 
total extinction of all lights. He has again to 
consider that fire is liable to destroy deck-houses 
and other erections through which his cables may 
pass. 

Difficulties diie to Water^ Dampy and Moisture 
generally. — While the lighting of a dwelling ashore 
at least provides a course for the wires which is dry, 
and likely to remain so, the same advantages do not 
obtain aboard a ship. Moisture in any form is a 
great enemy to effective insulation. It may arise 
from water — sea-water — ^flooding the course of the 
wires and soaking their casings. Or it more fre- 
quently arises from " sweating " of the whole interior 
shell of the ship. In this latter case " sweat " will 
condense upon every surface it is desirable to keep 
dry, and leakage of current is inevitable. 

But both the sousing with salt water and the 
general damp cause after-trouble, inasmuch as the 
wet sooner or later obtains access to the wires and 
gives rise to short-circuits and leakage. There is 
thus frequent danger from fire arising from over- 
heated electrical wires, a danger which fuses and 
cut-outs are sometimes powerless to avert. It is not 
to be forgotten also that salt is a deliquescent sub- 
stance, absorbing moisture from the atmosphere, so 
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that circuit paths once soaked with sea-water are 
liable to remain in a moist condition for some time 
thereafter. 

We have to add to these unfavourable conditions 
the fact that most steamships, especially passenger- 
vessels, are permeated with steam and water-pipes. 
They run in all directions, below and above decks, 
and it is impossible for the electrician to avoid 
crossing and running parallel to them with his cables. 
The water-pipes are damp, and the steam-pipes are 
hot. The former causes faults by moisture, and the 
latter burns up or deteriorates the insulating material 
covering his wires, and cracks and loosens their 
casings. 

These Difficulties augmented by ^^ Ship Return^ — 
In the case of a ship being wired throughout with 
twin wires, the above sources of trouble are suflB.- 
ciently annoying, but when, as is usually the case, 
the installation is worked through a lead and a ship 
return, that is, when the return current is practically 
earthed, they assume undue proportions, and call for 
much forethought and the best of work in laying the 
wires and fittings. 

Distribution of the Lights not easily accomplished. — 
A ship is different in one respect from an ordinary 
building. Everything is on a smaller scale ; height 
and width of rooms and passages have to be sacrificed 
to necessity. Even the grand saloons of ocean liners 
must be made with a low roof. These conditions 
render the effective lighting a matter of no common 
difficulty. Overhead lighting is well known to be 
the most effective, but it is seldom that it can be 
applied aboard ship. 

The height of the eye is a very ineffective and 

I 
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unpleasant position for a bright lamp, but this height 
is generally the restricting position for lamps, 
especially below the main deck. The lamps may be 
placed overhead in some cases, but their height then 
does not much improve the illumination. Consider- 
able ingenuity has therefore to be exercised to so 
place the lamps that they shall be out of the way of 
injury, that they shall not offend the eye by being 
upon the same level, and that they shall prove effec- 
tive in lighting the space required. It is seldom that 
lamps can be placed in passages overhead, owing to 
the liability to breakage there, and side-lighting of 
passages is obviously ineffective. Strong end-lights 
in passages are effective, but they cannot, in many 
cases, be used. 

From these considerations it will be clear that in 
ship-lighting a much larger number of lamps must 
be employed than would be necessary were it possible 
in all cases to take the light all around each lamp. 
Bulkhead lamps, it is true, are frequently made to do 
double duty by lighting both sides of the division, 
but in most cases, when the bulkhead is a water-tight 
one, this is not permissible. Passage lamps can only 
frequently give light from one side, and so on. 

PositioUy &c.y of Dynamos. — ^The position assigned 
to the dynamo is a matter discussed at some length 
in Chapter I. It may be pointed out here, how- 
ever, that the chances of a particular compartment 
becoming partly filled with water should not be 
absent from the mind of the shipbuilder in assigning 
a place for the electric machinery. That it should be 
placed high above the ship's bottom, there can be 
no doubt. The case of war-ships is, however, some- 
what different; the vital parts are, in such in- 
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stances, placed below the water-line, or protected by 
armour. 

Switch* Boards, —VJhen a ship carries three or more 
dynamos, the switch-board becomes an important 
part of the installation. What is really required 
in a switch-board cannot be foretold until two matters 
have been settled : these are, the number of dynamos 
to be used, and the method of their use, and secondly, 
the number of circuits to be run in the ship. The 
primary requirement of the switch-board is that it 
shall enable the engineer to put all or any of the 
circuits on to any single dynamo, or on to more than 
one dynamo. In this way the load may be thrown 
on to one machine, or may be distributed between 
them, as the case may require. 

In addition to this, the contacts or breaks at the 
board must be positive and effective, and not liable 
to be burned by arcs established upon breaking thp 
circuit. Still, in addition, the board should carry a 
set of cut-outs or safety-fuses, one to each circuit, 
as it leaves the board. The switch-board is generally 
in duplicate, but the positive or lead switch-board is 
the more important. There must, however, be means 
of disconnecting the negative wires of the dynamo 
from the returns, or from " earth," as the case may 
be, as well as the positive or leading terminals. This 
is not commonly done when work is contracted foi 
and carried out carelessly at a low price, but it is a 
precaution that no prudent electrician would care to 
ignore. Hence, not only should the positive board 
carry a fiill set of fuses, but the negative board also. 
If the ship be wired with double cable throughout, the 
necessity for the negative board becomes imperative. 

Fuse boxes are, however, very often disconnected 
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from the main switch-board, especially the positive, 
and form a separate frame. The object for separa- 
tion is to assist in simplifying the switch-board 
itself. But such precautions frequently lead to a 
multiplicity of short lengths of cable and extra con- 
nections, so that on the whole it is generally considered 
better to mass the whole of the terminal require- 
ments upon a board where the full set may be seen at 
one view. When a fuse at the base of a circuit burns 
out, and it is desired to replace it immediately, this 
cannot commonly be done under aloss of time of several 
minutes. There is generally a delay in finding a 
spanner or a new fuse, which leads to the lamps 
upon that circuit being unlighted for some little 
while. 

Recently there have been brought out fuse arrange- 
ments possessing double cut-outs for each positive ter- 
minal. Only one of these is in use at a time. When 
one of them goes out, a plug is withdrawn or inserted, 
which instantly puts the other fuse on to that circuit, 
and the attendant may replace the burned one at 
leisure. This plan is convenient where there is only 
one dynamo, or where there are several dynamos but 
all of them engaged upon some other circuit. Where 
there is kept a spare dynamo, with a full set of spare 
connections, ready for switching into any circuit, the 
double system may be dispensed with. 

Typical Switch-board, — Fig. 1 7 represents the kind of 
switch-board used in the ships of the English navy. 
It is arranged to carry the cut-outs and the opening 
and closing levers. The particular board represented 
is for the positive side of the dynamos. The terminals 
and arrangements are intended for three dynamos, 
working six circuits. The connection blocks 1,2, and 
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3, receive the cables from the positive terminals of the 
dynamos, the ends being secured by the hexagon- 
headed bolts. The connectors 1, 2, &c.,to 6, represent 
the six circuits. Any one of these connections, or a 
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number of them, may be put in contact with the posi- 
tive lead from any one dynamo. Any required con- 
nection can easily be made atthis point ; there being six 
connectors and three bars representing the dynamos. 
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eighteen changes may be made. The six heavy vertical 
connection bars are provided with ebonite handles 
at their upper ends. They are held and locked in 
position when once set by the spring snap catches 
shown. 

The vertical bars are hinged at their lower ends. 
The hinge blocks are continued downwards and carry 
the upper ends of the fusible slips ; these are secured 
by means of the thumb nuts. Still another set of six 
connections at the lower end of the board receive the 
free ends of the fusible slips, and also carry the com- 
mencing extremities of the six circuits. These are 
inserted in the sockets and secured by means of the 
hexagon-headed screws. The whole of these arrange- 
ments are usually made in a good quality of gfun- 
metal ; they are mounted upon a slab of hard slate, 
and to prevent the possibility of the creeping of 
moisture beneath the connections, layers of mica are 
frequently interposed. In this particular form of 
switch-board all the connections are brought into view 
at the front of the arrangement. This method of 
construction has certain advantages in the case of 
ship-lighting, especially when there is a risk of damp 
finding its way behind the board. 

Any defect in the contacts can be seen and rectified 
at once, without disturbing the fastenings of the board ; 
to a trained electrician no doubt this style of fitting 
is the best of all, but there are many ships furnished 
with switch-boards in which none of the connections 
appear at the front. The only contacts there are the 
circuit closers, and possibly the fuses also. All con- 
nections from the terminals of the dynamo to the 
board and from the board to the beginning extremi- 
ties of the leading wires are effected at the back. 
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However neat this arrangement may appear, it is 
impossible not to feel that it is unsuitable in the case 
of most ships. No doubt a board carrying a number 
of cable connections, which might be hidden from 
view, presents a complex appearance, and may even 
be held to confuse an inexperienced person ; but 
the obvious advantage of having everything ex- 
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Fig. 18. — Admiralty Pattern Negative Switch*board. 



posed to view, and especially available in case of the 
necessity for alteration or searching for faults, im- 
presses us strongly in favour of the open board. 

Negative Switch-hoard. — ^A view of the negative 
switch-board used in the English navy is given in 
Fig. 18. It consists of an incombustible base, upon 
which are mounted, at the upper end, the connection 
blocks I, 2 and 3. These receive the ends of pieces 
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of cable, taken from the negative terminals of the re- 
spective dynamos. 

Immediately beneath the three connections runs a 
transverse gun-metal bar. There is a space between 
the connection blocks and the bar sufl&cient to prevent 
the occurrence of an arc under an electro-motive force 
of loo volts or over. Connection between the blocks 
I, 2, and 3, and the bar, is made by the insertion of the 
metallic plugs represented. These are furnished with 
insulating handles, and the ends of the plugs carry 
locking pins, so that when a plug is placed in a hole 
and partially turned, it cannot by any accident or jar 
fall out. Beneath the bar are ranged six fuse blocks, 
which may be connected with it by means of plugs 
similar to the above. Still another set of fuse blocks, 
having connection screws for the extremities of the 
six return wires, completes the arrangement. The. 
fuse slips are secured down to the blocks by means of 
the thumb nuts shown. 

It will be observed that any or all of the dynamos may 
be connected to any or all of the return wires. Both 
in the positive and negative boards it is possible to 
replace a fuse in about a minute of time, without 
having recourse to the use of wrenches or spanners. 

Double-Pole Twin-Fuse Switches. — The arrange- 
ments specified in the Admiralty style of switch 
illustrated above are specially adapted to the case 
of ships carrying two or more dynamos. Many 
vessels carry four or five dynamos, but the switch- 
boards required need not vary in design from the 
Admiralty pattern. They need only carry additional 
levers and connections for the additional machines. 
The circular or rotary pattern of switch is apparently 
going out of fashion. It consists of a central lever, 
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connected to the positive or negative terminal of a 
dynamo, capable of moving in an arc, and making 
contact with two or more circuits, or of opening and 
closing a circuit as required. The difficulty expe- 
rienced in the use of this kind of switch is that of 
obtaining good connection and of avoiding arcs when 
the circuit is broken. Complete disconnection of both 
the terminals of the dynamo from the circuit it feeds 
is frequently a very desirable condition, especially 
when the ship is wired on the double system. In 
addition to this the inductive capacity of long circuits 
appears to store up a considerable electro-motive 
force. The result is observed when such a circuit is 
suddenly severed. There is a considerable back rush 
of current across the gap, resulting in a flash and 
partial fusing of the contacts. 

This spark is very destructive to the contacts, and 
may even, in imperfect switches, set up an arc result- 
ing in the burning of the switch. The spark cannot 
easily be got rid of, but it may be divided, so that it 
loses its energy considerably thereby. This division 
is accomplished by means of a switch so arranged 
that the break of circuit is double, called a double^ 
break switch. The switch itself may be duplicated, so 
that it severs both poles of the dynamo from both 
the leading and the return wires of the circuit. This 
class of switch is known as a double-pole switch. 

It is seldom that both of these conveniences are 
to be found in a single switch, but in a particular 
pattern brought out by Westinghouse the two are 
combined in a very efficient manner. Still, in addi- 
tion to this, the switch carries not only a pair of fuses, 
called a double-pole cut-outy but these are duplicated, 
or act as twin cut-outs. The convenience of this will 
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be obvious to engineers who have experienced the 
annoyance of seeing the fuse "blow" through a 

slight accident, and 
so extinguishing 
every light upon a 
circuit. In the ordi- 
nary course the fuse 
cannot be replaced 
in less than a minute 
or two, and not in 
that time if the dyna- 
mo-room happens to 
be lighted from that 
circuit, and is thus 
itself in darkness. 

Dynamo-changing 
Switch, — In most in- 
stallations of electric 
light aboard ship 
some arrangement 
is made to insure 
against total extinc- 
tion of the lights. 
This is more especi- 
ally the case in pas- 
sengervessels. Some 
of the best of these 
carry a complete du- 
plicate plant, others 
carry a partial dupli- 
cation. Thus, where 
three dynamos suf- 
fice to light all of the lamps, the ship will carry a 
fourth machine, which is always kept in reserve. 




Fig. 19.— Westinghouse Change-over Switch. 
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We will suppose a simple case, in which the vessel 
carries two dynamos only, working on to one pair of 
mains. In this case it is unnecessary to provide com- 
plex switching arrangements. All that is required 
is a double -pole double -break switch capable of 
placing either dynamo in connection with the mains, 
as may be required, and at the same time cutting off 
the faulty machine. 

In Fig. 19 is represented a change-over switch of 
this kind, introduced by Westinghouse. It is without 
fuses. The lever a carries two pairs of knife-blade 
contacts, d d. If the first dynamo have its poles con- 
nected with the lower terminals, ^, the switch will 
transfer its current to the central terminals, ^, con- 
nected with the lamp circuit. If the second dynamo 
be connected with the upper terminals, dy a throw 
of the switch, bringing lever a to the top, will 
cut off both poles of the first dynamo, and put the 
second dynamo in connection with the lamp circuit 
at e. The switch may, however, be used for the com- 
plete double-pole disconnection of both dynamos from 
the lamp circuit by placing the lever a in an inter- 
mediate position. 

Single-Pole Stngle-Fuse Switch. — In many cases only 
a single dynamo is carried, and the vessel is wired 
for ship return, or the negative or positive pole of 
the dynamo is earthed. In such instances a single 
switch is sometimes considered sufficient for the 
simple requirements of the lighting. The pattern 
represented in Fig. 20 will be seen to contain all the 
elements of such a switch. It is furnished with 
double-break arrangements. The lever a, which is 
jointed at i, carries a knife-blade connector, which 
makes contact at c and e. The cut-out is inserted at 
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d. The positive or negative pole of the dynamo, as 
the case may be, is connected to ^, and the extremity 

of the leading wire of 
the lamp circuit is con- 
nected at /. When the 
lever is raised clear of 
the contacts, it is held 
in that position by 
means of a spring and 
catch in the joint piece, b. 
Single Switch for main 
Current. — In the case of 
small installations 
single-break switches 
are considered sufl&cient. 
They are also exten- 
sively used for sub or 
branch circuits. In some 
instances the switch 
base carries also a cut- 
out, but this is the ex- 
ception rather than the 
rule. Fig. 2 1 represents 
the Ediswan chopper 
pattern of switch, 
capable of carrying cur- 
rents up to one hundred 
amperes. It consists of 
an insulating lever, 
jointed upon blocks at- 

Fig. 20.- Do^e-break Switch and Cut-out. tached to an enamelled 

slate base. The handle, 
tty is placed at an angle of 60 degs. to allow of a good 
purchase in taking off and putting on the switch. 
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The horizontal bar, of gun-metal, terminates in a 
double spring contact, 6 6, which, when forced be- 
tween the pair of jaws c Cy connects them across metal- 
lically. The contact obtained in this way is very good, 
and the spring fork being subdivided by means of 
saw-cuts, a large surface bears upon each terminal. 
The current does not in this case pass through the 
joint of the lever ; it merely passes from terminal to 
terminal through the contact fork. The connections 
of the dynamo and 
the lamp circuit 
are effected at the 
back of the switch 
at d d, 

Stngle-'PoleFuse 
Case, — Main fuses 
and cut-outs are 
variously ar- 
ranged. Many 
engineers prefer 
to place them at 
the base of the 
circuits leading 
through the lamps, 
and therefore en- 
tirely disconnected from the switches or distributing 
arrangements. Some persons exercise so much cau- 
tion as to duplicate all main fuses upon the same 
lead. This is questionable practice. It is quite dif- 
ferent from providing double-pole fuses, a very neces- 
sary precaution. Duplicate cut-outs introduce faults 
of connection, multiply bad contacts, and are in every 
way a source of trouble without apparent advantage. 
It is a very usual practice to bring the base of each 




Fig. 21. — Double-break Chopper Switch. 
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lamp circuit to a fuse-board or box, containing a 
sufficient number of connections. One of these cases 
is represented in Fig. 22. It consists of a slate base 
or back, Uy to the face of which are fitted two rows 
of connections, by six in each. The connections are 
furnished with binding screws, to which are attached 
the wires from the switch-board or dynamo upon one 
side and the commencing ends, or roots of the lamp 
circuits, dy upon the other. These connections carry 
each a peculiar form of spring clip, which is faithfully 

represented in the en- 
graving. The fuses 
themselves, Cy con- 
sisting of slips of a 
tin-lead alloy, have 
blades of copper ex- 
tending from their 
ends, which are easily 
slipped into position 
between the ends ot 
the spring clips. Six 
of the fuses are shown 
in place in the figure. 
The whole is sur- 
rounded by a teak-wood case, having a glass front 
This form of fuse-board may be used either to feed six 
circuits from one pole of the dynamo, or six circuits 
from as many different dynamos, according as to 
whether the upper contact bar is continuous or sub- 
divided. The board represented is intended to protect 
six circuits operated by one dynamo. 

Charge and Discharge Switch for Accumulators, — 
When electricity is stored for use when the dynamo 
is stopped, a special form of switch is of much service 




Fig. 22. — Multiple Fuse Box for Branches. 
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in enabling the attendant to supply the battery at the 
required number of volts. 

In installations, where the engine is run during the 
heaviest part of the lighting, the batteries being 
employed as regulators, it is essential to be able to 
charge the " extra cells " ready for use after the 
engine stops, which can be done by moving the 
charging side of the switch until it is connected with 
the whole battery, the lamp connections being varied 
until the required pressure is obtained. When varia- 
tions of pressure are very great each contact may be 
connected so that it represents two or more cells being 
thrown in or out. One very important essential is 
provided for in this form of switch, the movement 
of the lever from one contact to the other is so 
rapid that the current is not perceptibly interrupted, 
but, nevertheless, no short-circuit of the cells takes 
place. 

Short'Circuittng Plug. — The short-circuiting plug. 
Fig. 23, is connected across any instrument or appa- 
ratus which it may be desirable to cut out of the 
circuit at any time for repair or adjustment. Thus, 
voltmeters are not generally kept permanently in cir- 
cuit, and a means of readily cutting such indicators 
in or out is indispensable. The wires are connected 
directly through the side receivers, and when the plug 
is withdrawn the current flows through them. The 
insertion of the pllig, however, offers a short passage 
for the current through the block, and thereby cuts 
out the connected apparatus, enabling it to be re- 
moved without interruption to the service. 

Lightning Arrester. — It is not often that the elec- 
trical plant in a ship is disturbed by lightning, but 
such an occurrence may take place in a wooden vessel 
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or in connection with parts of circuits necessarily run 
up masts and along spars, or in dock when overhead 
lighting is going on. Lightning frequently enters 
lighting circuits ashore, and sometimes destroys the 
instruments, and even burns up the armature of the 
dynamo. Such occurrences may be averted by a 
device known as a lightning arrester. Its usual form 
is that depicted in Fig. 24, which shows an incom- 
bustible base upon which are mounted three gun- 




Fig. 23. — ^Westingtouse Short-circuiting Plug. 

metal or copper plates having toothed edges adjacent 
but not actually touching. Plates a and b are con- 
nected through the fuses and blocks d and e to the 
terminals of the dynamo, or preferably to the ex- 
tremities of the line and return wires of an exposed 
circuit. 

These connections are merely branched or forked off 
the terminals and end metallically at a and b. The 
central plate, ^, is connected to any metallic body in 
contact with the earth. Thus aboard an iron vessel 
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wired on the double plan, it would be connected with 
the shell of the ship. Ashore it would be connected 
to a water service or some other good " earth." The 
tendency of lightning is to readily discharge itself from 
points and ridges across the shortest gap to earth, and 
this simple device is merely a means of utilising this 
fact and to put the 
exposed wire to earth 
through a resistance of 
air sufl&cient to insure 
its insulation, but which 
readily breaks down 
under a lightning dis- 
charge. Still another 
lightning arrester has 
been introduced by 
Thomson and Houston, 
in which a powerful 
electro-magnet, with 
arrangements for mag- 
netically blowing out 
the electric arc set up 
by a discharge, is em- 
ployed. 

; Indicating Instru^ 
vtents for Marine Work, 
— It is essential that 
the smallest installa- 
tion of the electric light aboard ship be furnished 
with at least two indicators. These are, a volt- 
meter, intended to indicate the electro-motive force 
yielded by the dynamo, and an amperemeter, to show 
the number of amperes of current passing into the 
circuits. Many instruments suitable for use ashore 

K 




Fig. 24.— Serrated Lightning Arrester, 
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are fixnuslied. with needles or fingers set, compasS' 
like, upon fine points, and require a perfectly level 
position and mnst be kept quite still in taldng an 
observation. Others have arrangements, as cores, 
balanced in wire coils, which must also be kept 
level and still to insure a reading. All of these, 
it is needless to say, are unfitted for nse aboard a 
ship. Instruments for use at sea are now a class 
by themselves. We propose to mention the chief 
peculiarities of a few of the kinds that have proved 
efficient in ship-lighting, and as voltage is the first 
essential condition of lighting we will take the volt- 
meters first. 

Admiralty Type Voltmeter — Cardew^s Instrument. — 
This indicator has in the case of land installations 
been used chiefly for alternating currents. But it 
has been employed in the Royal Navy for some 
years for continuous currents, and also in many of 
the larger ships of the mercantile marine for die same 
class of currents. It has the advantage for ship work 
that it is not disturbed by change of position^ and will 
stand a great deal of rough usage before its accuracy 
is impaired. It is essentially an accurate instrument, 
since it has no heating error, nor yet an error arising 
from self-induction. 

Its action depends upon the heating effect of a 
current passed through a wire. A stretched wire 
lieated by the current expands or becomes longer. If 
tbe wire be rigidly held at one end, and at the other 
Xye so attached through magnifying gear to a pointer 
as to move it over a divided scale, it will be obvious 
that certain readings will correspond with given 
lieating effects upon the wire* The conductor con- 
sists of about thirteen feet of platinum silver vnie 
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having a diameter of 0*0025 inch. This long wire 
is disposed of in the instrument as follows : — Referring 
to Fig. 25, which shows the interior of the voltmeter, 
the back being removed, the platinum silver wire is 
first attached to a screw marked a. From this point 
it is carried through a long tube (usually three feet in 
length) to its farther end and there passed over an 
ivory pulley. The wire is again brought back to the 
instrument, through the tube, and passes over a 
second smaller ivory pulley marked b. The wire is 
again carried along within the tube to its farther end 
and once more passes over an ivory pulley there, and 
thence back finally to the head of the instrument, 
when it is rigidly attached to another screw, c. The 
small intermediate pulley, by is attached to a sliding 
piece, which carries a thin cord which encircles a 
central pulley marked dy and is finally attached to the 
end of a spiral spring, /, which may be adjusted by 
the external thumb screw, g. The pivots of the stem 
of the small central pulley, dy are set delicately in 
jewelled bearings, the upper of which is set in the 
cock-piece shown. At the lower end of the arbor ot 
the pulley there is a toothed wheel, which in turn 
communicates its motion to the index arbor, e. This 
latter axis is furnished with a hair spring, intended 
to control the index finger, situated at the other or 
dial side of the instrument, against back-lash after 
deflection. Thus when the pulley, dy runs through a 
small angle the pinion arbor, carrying with it the 
pointer, runs through a large angle, and it is only 
necessary for the wire to be expanded a very little to 
deflect the pointer from the zero mark to the full range 
marked upon the dial. 
The current enters the instrument at /, and leaves 
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it at /, through the metallic connections and the 
safety fuse, A, represented. When this instrument 
is connected to any source of electricity, there is set 
up a difference of potential between the terminals. 
This results in a current in the wire, the magnitude 
of which depends upon the tension in volts and the 
resistance of the wire. The stretched wire becomes 
heated and stretches still farther, expanding the 
spring gy and pulling round the small gear wheel 
d. The wire being very thin rapidly acquires its 
full temperature, corresponding to the particular 
current passing through it. It is clear that as the 
spring,/, is practically connected to the centre of the 
length of the wire, it has the pull of both halves of 
the latter upon it at once, and therefore, although the 
current heats the whole thirteen feet, of wire, the 
central point controlling the dial indicator expands 
and contracts just half as far as it would do were 
the wire a continuous length of thirteen feet. In 
other words, it is the expansion of six feet six inches 
of wire that affects the pointer upon the dial. There 
are, however, certain advantages in using the fine and 
long wire instead of a shorter and thicker wire. The 
chief of these are that the wire rapidly acquires the 
proper temperature, takes but little current, and it 
makes the voltmeter dead beat. 

The dials furnished with the Cardew voltmeter are 
usually either of eight or five inches in diameter. 
The movement of the pointer is thus very large for a 
small variation in the pressure. Two patterns of the 
instruments are in use, namely, the rod pattern and the 
tube pattern. In the tube pattern the tube itself is built 
up so as to compensate for changes of temperature, and 
consequent expansion and contraction. In the rod 
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instrument the working wires are supported by a 
pair of compensated metal rods, within the tube 
itself. The rod instrument is largely used at sea, and 
may be said to be the better of the two for that 
purpose. The rod instruments may be placed in 
either a vertical or a horizontal position. The tube 
pattern must be maintained in a horizontal position. 
The range of the instrument determines its construc- 
tion with respect to the gauge of the wire, and the 
indications upon the dial. A voltmeter ranging 
between 40 and 150 volts is the most useful instrument 
for use aboard ship. The instruments may, however, 
be obtained reading between zero and 50 volts. But 
it should be pointed out that the Cardew voltmeter is 
very uncertain in the lower readings, up to about 20 
volts. Other instruments than the rod or tube pattern 
should be used for low readings. 

Selection of a Voltmeter. — The rod instrument is 
accurate over the whole scale when at the tempera- 
ture of the air, but reads about \ per cent, too low if 
left continuously in circuit at a high reading. It is, 
therefore, well suited for ordinary purposes. With 
vertical instruments the oscillations of the index limit 
the accuracy of observation to about \ a volt over the 
whole scale. 

Oscillation is entirely absent in horizontal instru- 
ments, which can, therefore, be read more accurately ; 
but the horizontal position introducing a friction 
error, the gain in accuracy is very small, so small 
indeed that in the 150-volt instrument, the advan- 
tages are, on the whole, on the side of the vertical 
pattern. The tube instrument reads accurately under 
all conditions of working at any ordinary tempera- 
tures, being carefully compensated both for expan- 
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sion and resistance. It was designed, and should be 
used, as a standard instrument when it is required to 
measure electro-motive forces of widely different 
values in rapid succession. This particular pattern 
is made as a horizontal instrument only, as the extra 
cost of a tube instrument is not generally warranted 
unless the oscillations of the needle consequent on 
the vertical position are eliminated. 

Precaultons against Fusing the Voltmeter. — ^The cut- 
out inserted in each voltmeter made recently will 
only protect the working wire against fusion in cases 
where the electro-motive force either rises gradually, 
or, if applied suddenly, does not exceed, by 100 per 
cent., the highest reading on the dial. The sudden 
rush of current consequent on lifting the brushes of 
the dynamo or in any other way breaking the field- 
magnet circuit of the machine to which the voltmeter 
is connected, will probably melt both the fuse and the 
working wire. A spare fiise is generally issued with 
each voltmeter, and when it is necessary to rewire 
the fuses, care must be taken to use the fuse-wire 
supplied for this purpose. Careless workmen are apt 
to replace the proper fuse by lead, tin, or even copper 
wire, and voltmeters are frequently melted by the 
want of precautions in this respect. 

When it is desired to measure pressures over 1 50 
volts a voltmeter in series with one or more resis- 
tance tubes must be used, the resistance of each tube 
being exactly equal to that of the instrument. The 
voltmeter readings are thus multiplied by two, three, 
four, &c., according as one, two, or three tubes are in 
use. 

Electro-magnetic Voltmeters. — ^A considerable number 
of these have lately been introduced. They are un- 
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suitable for use at sea unless they possess a spring 
arrangement in place of the ordinary gravity device 
for controlling the needle. Paterson & Cooper's 
instruments for both volt and ampere measurements 
have been extensively used aboard ship. They con- 
sist essentially of a small electro- magnet, taking a 
very small current through it. Between its poles is 
arranged the soft-iron electro-magnetic axis of the 
indicating needle. The latter moves over a dial 
having a scale of considerable size, so that a fair 
amount of movement is obtained for each volt put 
upon the instruments. 

Evershed's instruments, depending upon the same 
controlling principle, are suitable for use at sea when 
provided with a spring, so as to eliminate the effects 
of gravity. They are very accurate in their readings. 
Most of the instruments used in land installations are 
unsuitable for marine work. The advantages of the 
electro-magnetic volt and amperemeters are that they 
are sufficiently accurate for ordinary purposes, and 
are not costly. 

As permanent magnets are not used in their con- 
struction, variations of their strength are avoided. 
Hence their indications remain the same from year 
to year. They are not readily affected by currents in 
neighbouring wires or magnetism of dynamos. While 
the Cardew voltmeter is a very long instrument, the 
electro-magnetic type may be made very small. They 
are usually placed in a circular case about eight 
inches in diameter. 

Amperemeters.—^OnXy one or two of the ordinary 
commercial amperemeters are available for use at 
sea. The electro-magnetic type, as manufactured by 
Paterson & Cooper, have been used with success. 



MARINE VOLTMETERS. 1 37 

They are almost identical with voltmeters, except in 
the resistance of the circuit, which is relatively very 
much smaller. 

Sir William Thomson's Marine Voltmeter. — ^This is a 
very compact and portable form of voltmeter. It con- 
sists essentially of a stretched length of platinoid 
wire, which carries a small oblate of soft iron situated 
in the centre of a solinoid of fine copper wire. 
Attached to the iron oblate is a pointer, moving 
over a graduated scale. The scale is subdivided into 
fractions of volts. In order to vary the value of the 
divisions upon the scale a set of resistances is used 
with the instrument. The principle of its action is 
that the iron oblate tends to rotate its equatorial plane 
parallel to the lines of force in a uniform magnetic 
field. The pointer is so attached to the oblate that when 
it indicates zero the equatorial plane of the oblate is 
inclined 45^ to the lines of force set up by the 
current in the solinoid. Owing to the fact that such 
solinoids are subject to inductive effects from without, 
due to currents in neighbouring conductors, this part 
of the instrument is enveloped in a thick tube of soft 
iron. This is cut away at the portion where the 
pointer passes to the exterior scale. The means of 
adjusting the instrument are affixed to the case. The 
resistance of the solinoid is 1,000 ohms when intended 
for work on 100 volt circuits. 

Voltmeters for marine work may be broadly divided 
into two classes : first, instruments depending upon the 
heating property of the current; secondly, instruments 
depending upon electro-magnetic attraction or repul- 
sion, or both together. The first class embraces all 
the stretched wire voltmeters, of which Cardew's is the 
best known for marine work. The second class is 
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a numerous one, and embraces the Crompton and 
Crabbe instruments, Paterson & Cooper's, Evershed's, 
and several others. Many of these are available for 
ship's use by being made independent of the action of 
gravity. This latter is an essential condition in a 
marine volt or amperemeter. There is still another 
condition : instruments for ship's use are generally 
subjected to a good deal of heat, and should not there- 
fore be constructed of materials, such as ebonite or 
wood, subject to deterioration by heat. 



Distributing Circuits Aboard Ship. 

There are two distinct methods of wiring a ship for 
the electric light. These are, the double-wire system 
and the single-wire system.. Each method has its advo- 
cates. 

The principle of the double wiring is that of all 
ordinary electric light circuit work ashore, namely, 
the running of two wires parallel to each other, and 
connecting the lamps across them, as it has been 
aptly termed similar to the " rounds of a ladder." In 
practice the wires do not generally run in pairs. The 
return may be made by a general wire, serving for 
several circuits. But the essential condition is that 
both the leading wire, or that conveying the current, 
and the return wire, or that bringing back the current, 
shall both be insulated. 

It is understood that the " leads " and " returns " 
are not only insulated from each other, but from every 
other wire, and from the earth. The circuit is a com- 
pletely isolated metallic circuit as far as the wires 
extend. This, in a word, is the double-wire system. 
It is essential in the case of all house wiring, although 
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the insulation of the return wire is sometimes dis- 
pensed with, for the sake of cheapness. 

The Principle of Single Wiring. — If we suppose the 
case of a house made entirely of iron it will be seen 
that the temptation to dispense with a return wire, and 
to make the current flow back to the d3mamo through 
the iron of the house, is veiy great. The more so as it 
is a fact that this can not only be done, but that the 
arrangement performs very well. The leading wire is 
in this case insulated as usual, and the iron of the 
building is regarded as the return wire. There is thus 
the great convenience of a return being available at 
every part of the building, without the trouble of 
bringing it there. In addition, no small part of the 
inducement to dispense with the return wire is due to 
the decreased expenditure for the wiring, which not 
only costs but one-half for copper, but very much less 
for labour. 

These are a few of the argfuments from the contrac- 
tor's point of view, but the electrician has his argu- 
ments in favour of single-wiring also. He considers 
that whereas with the twin-wire system he has two 
wires to look after, and to preserve the insulation of, 
with the single wire system this responsibility appears 
reduced to one half. There is only one wire to pre- 
serve in an insulated condition. All these arguments 
in favour of single wiring have a very specious appear- 
ance. But there is another side to the question. 

Arguments for and against Single Wiring. — The 
method of running lamps from a single wire has its 
opponents. They bring forward forcible reasons 
tending to show that single wiring is inferior to and 
less safe than double wiring. The mere prejudice of 
individuals against the idea of " earthing " the whole 
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of the return must be abandoned in a controversy of 
this kind. It resolves itself into a matter of practical 
efficiency. The case stands thus : the ship is a com- 
plete shell of iron or steel ; the shell is crossed and 
fitted up in a complex manner with divisions called 
bulkheads and other divisions that are not bulk- 
heads; with railings, steam-pipes and water-pipes. 
The whole forms an immense metallic structure with 
many and complex ramifications. It may be re- 
garded as an entirely metallic building, in which 
even the beams, floors and stairways are of iron. 
The half of this mass of metal is immersed in water. 
Therefore the whole of it is in intimate connection 
with the earth. Hence, again, it forms what a tele- 
graphist would term a great earth-platey or simply an 
"earth." If the double wiring employed in a dry 
house of brick, plaster, and wood ashore be employed 
in fitting up such a structure as an iron ship, we are 
likely to have complaints of failure of the light. The 
reason is not far to seek. The insulation that would 
sufiice in the house is insufficient in the case of the 
ship. In the supposed house the brick, plaster, and 
wood are practically insulators in themselves. If a 
wire be run naked across a dry floor, or even along 
dry plaster, it may perform its part as an electric light 
lead fairly well. If the wire be lightly insulated and 
run in wood casings it is not likely to give any sub- 
sequent trouble. In a word, earth contact is not at 
hand, and a second wire to serve as a return is a 
necessity. There is little tendency to leakage of 
current from the leading wire to the return wire ; 
leakage could only occur by the help of an accidental 
cross between the lead and the return, or by the 
presence of some conductor, as water. 
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In a ship, on the other hand, earth is everywhere. 
There is the risk of earthing the current during the 
course of every yard of wire. If we suppose the 
leading wires and returns simply cleated to the iron 
of the ship it is not difficult to suppose that leakage 
is liable to occur across the metallic space between 
the two, even when the ordinary insulating covering 
of the wire is intact. Insulated wire is a misnomer. 
It is not strictly insulated. The covering is easily 
broken through by a sufficient pressure. This is 
easily tested. If a coil of wire be immersed in water, 
and a test be taken, it will be found that its insulat- 
ing resistance is so many ohms: that it is by no 
means infinite : that it is simply not insulated. But 
there is an enormous difference between a naked and 
a thinly-insulated wire. A mere coating of tar or 
varnish will suffice to exhibit an insulation resistance 
of many thousand ohms. Hence, we may continue 
to term wire covered with vulcanized indiarubber 
insulated, because leakage from such a conductor, 
when the pressure at the dynamo does not exceed 
150 volts, is very small indeed. Still we are con- 
fronted with the fact that the wire must be run in the 
ship close to a great adjacent "earth." There is, 
therefore, a greater tendency to leakage than in a 
house. In other words the insulation resistance is 
less. If, however, we employ wire so thoroughly 
insulated as to be capable of showing a very high 
insulation resistance, and run that class of wire 
through the ship, in the double plan, we may con- 
sider that what we have to look for in the way of 
faults are leakages from one wire to the other. The 
insulation resistance, it is calculated, is required to be 
so many thousands of ohms to render the insulation 
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safe under pressure of a lOO volts. It must not be 
overlooked that this insulation resistance is that due 
to innice the covering upon one of the wires, because 
a leak must cross from one wire to the other through 
both coatings. 

Insulation halved by Single Wiring. — It is now 
clear that if we decide that the insulation must show 
a resistance of so much for the double plan, the 
wiring of the vessel upon the single plan exactly 
halves that resistance. It has been well said by- 
opponents of single wiring that it is equivalent to 
halving the insulation. On the single-wire plan 
every part of the ship is the return wire. We have 
only the insulation of one wire between us and the 
return. Hence it will be plain that single wiring 
demands nearly double insulation. This, indeed, is 
its chief drawback, and it has many advantages to 
oiFer against this disadvantage. It is true that if, 
on the double plan, water were to find its way to the 
return wire it would not effect a leakage of current 
unless a similar dampness extended to the leading 
wire also, and, therefore great faults of insulation, 
with regard to earth, might not materially affect the 
working on the double-wire plan. 

Liability to Leakages from Single Wiring, — If on the 
other hand the wiring be on the single plan the risk 
of leakage is greatly increased, even if we furnish it 
with double the insulation usually applied to double 
Wiring. When there is a ship return, it is clear that 
a leak from the lead to the iron of the vessel may 
occur by the mere chance of water finding its way 
through the insulating material at any point. There 
is, in fact, a closely adjacent earth during the whole* 
course of the leading wire. This fact demands that 
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good work shall be put into the wiring at the outset, 
and that a close watch be kept upon the insulation 
resistance thereafter. 

Plan of the Lighting Arrangements, — When a ship 
is to be lighted, the first matter to be settled is the 
number of lights required. The candle-power of the 
lamps comes next in importance. Then the number 
of separate circuits to be run, and finally the kind of 
wiring to be employed, whether single or double. 

Number of Lights required, — Lighting aboard a ship 
is so difficult, owing to the confined space and the 
obstructions to the diffusion of the light, that a larger 
number of lights is called for than would be necessary 
in the case of a house. Taking the saloons first, the 
lighting is preferably done from above in those when 
there is sufficient height of roof. In the case of some 
of the largest Atlantic liners the saloons are domed, 
and the lighting is chiefly effected from the dome, and 
aided by side lights placed near the roof. Domed 
saloons are, however, the exception, and the lamps 
have generally to be placed close to the ceiling. They 
must be disposed so as to be as much as possible out 
of the way. Owing to the limited height of saloon 
roofs, the lamps are liable to damage, and they are 
preferably distributed on the line of such fixtures as 
saloon tables, and close to the sides, over the couches 
generally occupying that position. 

In order that they may be available for reading pur- 
poses they should be kept as close as possible over the 
back of the couches. At the least a lamp will be required 
to every space ten feet square. Sixteen-candle power 
lamps are generally used for saloon and cabin^ library^ 
smoke-roomSy and so on, occupied by passengers. It is 
convenient to class all of these " public " apartments as 
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one, and to arrange for the lighting of them by means 
of one, two, or more exclusive circuits. 

Next in importance come state-rooms and berths. 
These are comparatively easy to light. As a rule one 
lamp of i6-candle power will suffice for each. It is 
usually attached to a bracket affixed to the wall near 
the roof. These may be said to embrace all of the 
** public" lighting excepting the steeragCy which is 
generally of much importance in large vessels pro- 
ceeding west. The steerage lights are usually run 
upon a circuit by themselves. The only difference 
between the lighting of this part and that of the 
saloons lies in the possible provision of fewer lights, and 
those of smaller candle-power, with the extra precau- 
tion that lamps are placed as much as possible in 
inaccessible positions and protected by strong guards. 

The pantry y i^l^^yt f>^^y passage^ lavatory lights, and 
those in the officers', servants', and men's quarters, 
are conveniently run off a circuit to themselves. The 
navigating lightSy as head lighty side lights and compass 
lamps J should be upon a distinct circuit. Engine-room^ 
stoke-holey tunnel^ and store-roomy including bulkhead 
lights below water line, should be put upon one or 
more circuits entirely separate from other lights. In 
the case of a war-ship the lights that are used in unpro- 
tected positions should be quite separate from those 
illuminating the vital parts of the ship, such as the 
engine-rooms, stoke-hole, magazines and stores. The 
reason for this will be more apparent when we consider 
that if the mains feeding the protected (armoured) parts 
of the vessel send out branches into unprotected 
positions, a shot might, by damaging the latter, estab- 
lish such a short-circuit in them as to cause the main 
fuses to melt, and put the more vital parts of the ship 
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in darkness. In the case of war-ships also, the navi- 
gating lights, those for the binnacle, for the signalling 
platform and the flash or search-light, should be fed 
by a separate circuit carried as far as possible under 
the protection of the armour, so as to reduce the risk 
of extinction in the event of the bursting of shells or 
the impact of shot. 

Canal lightSy which are generally used betwen Suez 
and Port Saidy and also for river dmA fjord navigation^ 
are generally arc lamps slung over the bow. They 
should have a circuit of their own. 

Fore and aft Division, — ^The engine and dynamo- 
rooms of large vessels generally occupy a central posi- 
tion lengthwise of the ship. This affords a convenient 
means of setting out the circuits into three chief divi- 
sions into Fore accommodation and stores^ after accommo- 
dation and stores^ and central circuity embracing the en- 
gineering departments. 

It will be readily understood that it is impractic- 
able to furnish the reader with particular information 
relating to the distribution of the lighting, owing to 
the fact that every ship is in some respects different 
from any other. We can only go upon general lines, and 
indicate broadly the practice of lighting as it applies to 
vessels in general. In our brief glance at the division 
of the lighting we have supposed that the ship is a 
large one, carrying passengers, because that type 
affords also an example of the kind of arrangements 
suitable on a diminished scale upon smaller vessels 
and those exclusively engaged in cargo work. The 
constructive details are, however, a matter affecting 
the circuit work, and so are the practical requirements 
of the lighting. It should not only be clear where 
there are watertight bulkheads, but when and how 
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these may be safely pierced for the conveyance 
of mains. Information should be available as to the 
various classes of lights that are usually switched ofi 
together and those that are always burning, so that 
main switches may be placed where they will prove 
useful. For example, it would be inconvenient to put 
a line of berths upon the circuit lighting a saloon, 
because that circuit will generally be switched off 
entirely about 1 1 p.m. and the room lights may be 
required at any time in the night. Again, store-rooms, 
refrigerator compartments, and such places under the 
water line, only entered once or twice in the day, 
should not be grouped upon a circuit which is " off " 
during the hours of daylight. 

Section lighting is necessary because it reduces the 
number of lamp switches and cut-outs, so that such 
places as saloons and steerage should be controlled 
generally by a single switch, which may be used to 
turn on all of the lights at once. It is quite imprac- 
ticable in such cases to furnish each lamp with a 
switch of its own. Hence, these larger sections 
must have their independent circuits, and no lights 
that are likely to be wanted when they are " off" must 
be placed upon their wires. 

These considerations will serve to indicate the chiet 
points in the arrangement demanding thought before 
laying out the plan of the wiring, and it is worth while 
to point out that the consideration of mere convenience 
in getting the lighting done should be put aside, and 
the fact that the convenience of the arrangements 
when completed, during after years, should be the 
first thought. This is especially true of the way cir- 
cuits are laid out. Mere convenience of getting the 
wires run is often the first consideration, whereas it 
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should be the last. It is far more important to en- 
deavour to foresee the future of the installation, 
when the woodwork will possibly be soaked with 
water, or blistered with heat, or other changes, due 
to the working of the ship, occur. 

The convenience to the attendant, in obtaining access 
to joints, cut-outs, and the general run of the mains and 
branches, should be a first consideration. For ex- 
ample, it would be very undesirable to place the main 
fuse governing the saloon lights within the refrigerator 
or store-rooms, which are usually kept locked except 
at stated times. Or to place the controlling devices 
of the circuit of one watertight compartment within 
another, which may possibly become flooded, and so 
cut off the light from both. 

Accumulators in Reserve on the Circuits. — To a 
certain extent the employment of a storage battery 
may be said to affect the circuits. Accumulators are 
generally kept in the circuit as a regulator even while 
the engine is running. They are admirably adapted 
for this purpose when the dynamo is run off the main 
engine. But their regulating assistance is not to be 
despised when the dynamo is moved by an indepen- 
dent engine. Information concerning the handling of 
accumulators will be found in Chapter IX. Generally 
speaking, they may be regarded as a second source 
of electricity, simply auxiliary to the dynamo, and 
circuit arrangements that will suit the dynamo will 
also meet the requirements of the accumulators, if we 
except the necessary connections and switch for 
cutting the battery, or parts of it, into and out of the 
circuit. 

Reserve Dynamos and Duplex Circuits. — In the early 
days of electric lighting it was no uncommon matter to 
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see twin sets of both dynamos and circuits extending to 
every important part of the ship. The experience 
gained in a great deal of ship-lighting during the 
past ten years, shows conclusively that, however 
desirable it may be to provide a reserve dynamo, such 
precaution in respect of the circuits is quite super- 
fluous. To instal twin circuits implies a tacit want 
of confidence in both. It means that the future of the 
circuits cannot be so far foreseen as to enable the 
wireman to anticipate the points of possible failure. 
At the present time, circuits need not be duplicated 
except perhaps in the case of a war-ship, part of which 
may at any time when in action be blown away, 
carrying the wires with it. Even in battle-ships such 
contingencies are foreseen and as far as possible pro- 
vided for. 

In respect to the question of reserve dynamo, year 
by year these machines are becoming more and more 
perfect. The points and chances of breakdown are 
becoming so well known that they can generally be 
provided against. It is not too much to say that 
duplication of even dynamos is practically a thing of 
the past. In the largest and most luxuriously-fur- 
nished liners sailing from Liverpool, London, and 
Havre, partial and not complete duplication of the 
dynamos is the rule. As an instance, the White Star 
ship Majestic \% fitted with 1,200 incandescent lamps, 
the ship carries four dynamos, each capable of main- 
taining, easily, 400 lamps. 

There is thus always a reserve dynamo out of the 
four standing idle. This proportion of reserve power 
is found to be amply sufficient. It allows of any 
machine which may be running hot, being switched 
off for a time ; the reserve one being switched into its 
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place. Similar arrangements prevail aboard other 
important vessels. The conclusion we arrive at is, 
simply, that a good dynamo and circuits need no reserve. 
They should be capable of working for weeks at a 
stretch without overheating. 

Quite another thing is a little reserve power in 
the dynamo itself. Thus a vessel burning 400 lights 
would be well furnished with a dynamo capable of giv- 
ing at full load an output sufficient for 500 lights. Thus 
the machine is always run at less than full load, and 
is more likely to withstand long runs and to keep 
cool generally. We should thus, generally speaking, 
be disposed to recommend the carrying of but one 
dynamo, in the case of small vessels. The machine 
should be of the compound-wound type if accumu- 
lators are not carried, and of the shunt- wound type 
if electric storage is resorted to. The dynamo should 
be of ample capacity. A machine working gene- 
rally up to ninety per cent, of its full load would 
appear to be the smallest that it would be advisable 
to adopt. In the case of large ships it is doubtful if 
the present arrangements are likely to be much im- 
proved. Each dynamo, compound wound, is inde- 
pendent of the others, and is moved by a separate 
engine. These questions are discussed more fully 
in Chapter III. 

Cut-outs or Fuses at the Base of Branches. — ^We 
have already spoken of cut-outs at the beginning of 
the main wires themselves. Fuses at the beginning 
of the branches where they leave the main are equally 
necessary. There is only this difference between them 
and those used at the switch-board : they are neces- 
sarily of smaller sectional area, so as to melt at any 
addition to the full current the branch is estimated 
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to carry safely, and they must be fixed in water- 
tight cases. Cast-iron boxes, packed so as to be water- 
tight, are now manufactured for this purpose. 

Data relating to Cables and Wires for Mains and 
Branches. — ^The small table given on page 151 con- 
tains a good deal of usefid information. It is all 
based upon the assumption that a current amounting 
to 1,000 ampferes can be carried by a conductor 
having a sectional area of one square inch with 
perfect safety. This implies that such a current 
would not sensibly warm such a conductor so as to 
endanger its insulation. But although this limit 
was first suggested by Sir William Thomson, as a 
precaution against the risks of fire, it is very fre- 
quently exceeded in practical work, especially in 
branch wires. The Board of Trade rule suggests a 
current as high as 2,000 ampferes per square inch, as 
an extreme limit, and although wiremen seldom 
attempt to reach so high a figure, even this limit may 
be said to be safe if the wires are well protected by 
fuses. Generally speaking, however, it is well to 
work to the lower limit, because it possesses the 
merit of allowing a good margin of safety. Cols. 3 
to 6 give the approximate number of lamps usually 
run upon the branch wires below ; the lamps being 
specified as taking so many watts altogether. It 
would be better to work to a rule giving the watts per 
candle, were it not that the consequent calculations 
would provide a less ready means of estimating for 
wires by ordinary workmen. Col. No. 7 gives the 
size of tin wire that should be used for fuses upon 
the opposite wires. But the position of a wire fuse 
affects its breaking limit so greatly that the figures 
can only be taken as approximate* 
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Handy Table for Incandescent Wiremen. 

At 1000 Amperes per sq, in, 2*55 Volts are lost for every lOO yds. of flow 

and return. 



Size 


Current 


No. of 


No. of 


No. of 


Standard 


at zooo 


no Volt, 


100 Volt, 


60 Volt, 


Wire 


Amperes 


64 Watt 


64 Watt 


60 Watt 


Gauge. 


per.sq. in. 


Lamps. 


Lamps. 


Lamps. 


Col. 1 


a 


3 

3 


4 


5 


18 


1-8 


3 


2 


16 


3-2 


5 




3 


14 


5-0 


9 


8 


5 


7/20 


7-2 


12 


ti 


7 


12 


85 


15 


13 


8 


7/18 


12*8 


22 


20 


13 


7/17 


17-4 


30 


27 


if7 


7/16 


22*9 


39 


36 


23 


7/15 


289 


50 


45 


29 


7/14 


35-6 


61 


57 


36 


19/16 


62-4 


107 


98 


62 


19/15 


78-9 


137 


123 


79 


19/14 


97-3 


167 


152 


97 



No. of 
45 Volt, 
60 Watt 

I amps. 



I 

2 

4 
6 

7 
10 

14 
18 

23 

28 

63 

78 



Tin Fuse 
Wire 


Approxi- 
matefusing 


B.W.G. 


current 
Amperes. 

8 


7 


30 


3 


24 


5 


22 


7*5 


20 


10 


18 


15 


17 


20 


t6 


25 


14 


40 


13 


45 


2-14 


80 


2-13 


90 


3-14 


120 


4.14 


160 



The following table is much more comprehensive. 
The sectional area of each size being given enables 
the wireman to work to any limit of current and 
conductor. Cols. 12 and 13 will be found useful as 
giving the resistance (approximate) in ohms of the 
usual wires. The number of lamps given opposite 
to each wire must also vary according to circum- 
stances. 
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Insulated Wires. — All copper wires are supposed to 
be of the highest conductivity, which generally implies 
any figure between 90 and 100 per cent. They are 
usually tin-coated to prevent action upon the rubber 
coating. They are then served with a coating of pure 
rubber. The thickness of this upon single wires is 
seldom less than the diameter of the wire itself. As a 
mechanical protection there is placed above the rubber 
a coating of tape, having a thickness equal to half the 
diameter of the wire. The whole is then vulcanized 
together. It is generally still further served with 
coatings of insulating and stiffening varnish or " com- 
pounds." 

The above is ordinary insulated wire for electric 
light work. There are usually at least two grades of 
insulation above that specified. The first consists of 
an increased mechanical protection, in the form of a 
braiding of cotton above the ordinary tape. This is 
finally varnished waterproof. The second consists of 
a still better or thicker coating of rubber upon the 
naked wire, the coatings of tape, braid, and varnish 
being the same as before. The insulation resistance, 
which in the cheaper variety only amounts to 300 
megohms, rises to as high as 750 megohms in the 
better class. 

Stranded WireSy Cables. — ^Wires thicker than No. 
1 2 of the standard wire gauge are very stiff to handle. 
They are too stiff, when insulated with hard rubber, to 
bend freely around comers. Hence it has become the 
practice to limit the single wires to the sizes between 
No. 18 up to No. 12 or 14. It is found more convenient 
to strand several smaller wires together in place of a 
large single wire. The strand is more flexible than the 
latten Hence the practice of following up No. 12 or 
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14 not with a No. 10 wire, but with a small cable formed 
by twisting seven No. 20 wires together, and to follow 
that by a cable having seven No. 18 wires stranded? 
and so. The insulation of these cables is the same as 
that of single wires, but thicker in proportion. It is 
convenient to term the single conductors wires and the 
stranded conductors cables. The larger cables, such as 
19/16 wires stranded, are generally used for mains ; the 
smaller stranded wires, as 7/18 wires stranded, as sub- 
mains ; and the single wires down to as fine as No. 20 
as branches. 

Twin Wires. — Wandering leadsy or wires attached to 
a wall or roof connection, and attached to a portable 
lamp, consist of two very flexible thin cables separately 
insulated, but braided together, so as to form mecha- 
nically a single conductor. They are generally formed 
of the following wires:— 7/32, 11/32, 19/32, 30/32, 
53/30, and some to convey current sufiicient for one or 
two lamps. 



Tin-Alloy Wire used for Fusible Cut-outs. 



Size 


Fusing^ Current 


Size 


Fusing: Current 


S.W.G. 


Amperes. j 


S.W.G. 


Amperes. 


14 


1 
30 1 


26 


3 


15 


25 1 


28 


225 


16 


22 


30 


175 


18 


H 


32 


1*47 


20 


9 


34 


vo 


22 


6 


36 


0*6 


24 


4 


flM>^ 





These wires are usually made from tin alloyed with 
a large proportion (sometimes an equal proportion) of 
bismuth to give them greater resiliency. 
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Fusible slips, used in small cut-outs, are generally 
made from an alloy of Arcet's metal nine parts and 
mercury one part. They fuse at about 50"^ centigrade. 
Still stiffer fuses are made, which fiise under the heat 
of boiliiig water, from tin 3, lead 5, bismuth 7. A still 
less fusible wire, going at about 285°Fahr., consists of 
equal parts of bismuth and tin. Fuse strips and wires 
made according to any standard system are generally 
stamped with the maximum current they will carry 
without melting. It was at one time a general prac- 
tice to work fuses with the number of lamps they would 
be reckoned to supply, but this was extremely mis- 
leading. No two lamps take the same current save 
by the merest chance, and "lamp" might mean 
anything from an 8-candle lamp to one of 32 candles. 

Leads for Cargo Lanterns. — The smallest conductor 
usually employed for cargo lamps is generally a pair 
of flexible cables composed of ten No. 40 wires. This 
would carry current for one or two lamps only. The 
next is 130/40 wires, then 7/20, 19/22, 19/20. 

Fusing Points of Branch Wires, — Careless or ignorant 
workmen have been known, when a fuse has melted, 
to put in its place a copper wire. The temptation to 
do this is sufficiently great, but it can form no excuse 
for endangering property by the risk of fire. In some 
cases it is true that upon an emergency, when a fuse 
wire is not at hand, and the circuit must be fed at all 
hazards, a copper connection may have to be thrown 
across a fuse, but it should be removed at the first 
available opportunity. If any such emergency should 
arise it may be well to state that the piece of wire 
selected for the purpose must be very much thinner than 
the branch to be fed. Copper wire makes a bad fuse, 
its melting point is too high, and it does not readily 
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break the circuit, when it happens to be supported, even 
after that limit has been exceeded. The following are 
the fusing currents of the common wires : — 



S W G 


Copper Wire Fates 


Corresponding^ Currents for 


O* TT •\Jl* 


at, Amp^es. 


Tin-head Alloy, Amp^es. 


14 


231-8 


29*82 


16 


165-8 


2134 


18 


1077 


13-86 


20 


69-97 


9*002 


22 


4800 


617s 


24 


33 43 


4'30o 


26 


2474 


3183 


28 


18-44 


2-373 


30 


1415 


1-820 


32 


11-50 


1-479 



Reputed and achcal Gauges of Wires. — ^The reputed 
gauge is not always the actual gauge of a wire. It is 
convenient to carry a standard wire gauge and to test 
every wire. Errors in this particular may lead to very 
serious faults in the wiring. The ordinary gap gauges 
made from steel plate may be obtained of sufficient 
accuracy. Mr. Trotter's slide gauge is, however, much 
more useful. It is provided with four scales. It readily 
gives, by means of a vernier, the number of the wire, 
its size or diameter in inch parts and in millimetres. 
It also gives its sectional area, which determines its 
current-carrying capacity. 

Enumeration of Wires in Cables. — ^It is frequently a 
tedious process to count the number of wires in a 
stranded cable. Persons used to the different sizes 
can generally tell at a glance how many wires, and 
of what sizes, a given cable consists. This faculty 
is easily acquired by bearing in mind that in a cable 
of seven wires, one is central, with six others around 
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it. In a 1 4- wire cable the centre consists of four wires. 
A 19 cable looks like a 7 strand, having a central 
wire, with an additional circle of wires exteriorly. 

It is a growing practice to diminish the sizes of the 
wires cables are made up of, and to put an additional 
number of them into their composition. This results 
in greater flexibility, but it demands greater care in 
jointing and connecting. 

Lead-armoured Wires and Cables. — In addition to 
the insulating covering already specified wires and 
cables are sometimes enclosed in a closely embracing 
tube of lead. This kind of mechanical protection may 
also be regarded as an addition to the insulation, 
inasmuch as it prevents water from access to the 
core of copper. The lead-armoured cables are 
intended chiefly for underground work or for running 
in water, but they are used largely for ship wiring, to 
which purpose they are specially suitable under 
certain conditions. It is plain that if a cable and its 
connections can be completely encased in lead, all 
trouble from damp, &c., must be at an end. But there 
are two difiiculties in the way of the general adop- 
tion of lead-covered cables. These appear to be the 
obvious difiiculty of making good the joints between 
the lead covering of the mains and their branches ; 
and the electrical difficulty of insuring that there 
shall be no contact between any part of the case of 
any cable and the exterior lead sheath. It is plain, 
with reference to the latter, that any contact of this 
x\3Xvx^ puts the whole of the core to earth. There is, in 
short, a very near earth, ever liable to be connected 
to the core. It may be that the insulation breaks 
down, and the fancied protection becomes a source of 
the greatest annoyance. 
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Notwithstanding these drawbacks, the lead-covered 
cable and wire also are well-adapted for ship wiring 
on the single-wtre plan. In order that the system 
may work at its best the return should not be com-- 
pleted through the lead sheath. The latter should be 
regarded and treated as so much insulation. It 
should not come into contact with the metal of the 
ship at any part. The sheath thus becomes a com- 
pletely isolated, if not insulated, tube of metal. If 
contact be accidentally made between it 'and the 
core of the leading cable, that contact will not cause 
any short-circuit nor loss of power. There will be no 
risk of making a circuit through the sheath. The 
advantages of the lead covering used in this way are, 
first, that cables and branches can be run in mere 
wood cases. No insulating precautions need be taken, 
save separation by wood from metal work. If water 
should get to the sheath it cannot penetrate it. The 
core and insulation are kept in a perfectly dry state, 
the lead sheath is therefore proof against damp. Se- 
condly, cables so protected are less liable to damage 
mechanically, and the wires need not be run in such 
inaccessible places. And thirdly, if it be desired to 
risk making the sheath part of the return^ all wood 
casings may be dispensed with, and mains may be 
cleated down to metal work direct — this is in fact 
frequently done, with perfect success. 

Jointing Materials. — It is essential, before under- 
taking the running of circuits, to possess a know- 
ledge of the materials and processes used in making 
the connection between mains, and between those 
and branches. The most useful materials for ship 
electric jointing, are as follows : — 
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Pure India-rubber tape in two widths, J in. and } in. 

Prepared black tape, proofed on one side. Ditto proofed both sides. 

India-rubber solution. 

Compound India-rubber sheet for vulcanized joints. 

Vulcanizing composition. 

Chatterton's compound. 

Strong (thick) shellac varnish. 

Spirit lamp cotton. 

Wood naphtha. 

Felt tape. 

Ozokente tape. 

India-rubber coated tape. 

Copper binding wires, sizes Nos. 30, 28, 26, 24. 

Tinman's solder. 

Resin. 

Baker's soldering fluid, or solution of zinc chloride. 

Emery cloth, Nos. FF and F. 

Portable soldering furnace. 

Spirit jointing lamp. 

Small bench vice ; hand-vice. 

Soldering bolt-copper. 

Tinned wire, fine, for jointing. 

Three pairs pliers — front cutting, side cutting, round nose. 

Insulation knife, scissors. 

Flat file, smooth cut. 

Brace and bits, saws, chisels, gimlets, hammers, screwdrivers. 

Shifting spanner, diiU-brace, breast-type, to drill up to } in., set of 

twist-diills. 
Ratchet-brace and drills for piercing bulkheads. 

Most of these wireman's tools should be kept in a 
suitable tool-chest, and a chest of pine 25 x 15 X 12 in., 
with loose tray, will be found a useful size. Infor- 
mation as to processes of jointing is given further on. 

Plan of the Mains and Branches. 

Perhaps the most instructive way to introduce this 
subject is to give a table of the actual electrical 
requirements aboard a large passenger vessel. The 
table contains six circuits appertaining only to the 
Port side of the ship. 
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PLAN OF THE LIQHTING. l6l 

Separation of the Electrical Supply. — In the fore- 




going enumeration it will be clear that a system of 
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separating the supply of current into two equal halves 
has been to a great extent carried throughout the 
whole scheme. What is meant by separation or in- 
dependent supply is this : — In the ship in question 
there exists a longitudinal bulkhead running through 
the engineering department. The propelling power 
of the vessel consists of two independent sets of 
triple-expansion engines, each working its own stem 
propeller. Hence, the engine-power is divided into 
two equal parts. If, by an accident, one part or half 
became disabled, or that section of the ship filled 
with water, the other half would still be able to 
maintain a fair headway upon the vessel. Thus 
starboard is quite independent of port. In the same 
way the four dynamos are placed, two upon each side 
of the bulkhead. Starboard dynamo-power is thus 
independent of port dynamo-power, and a complete 
breakdown of one set would not disturb the other. 
Again, starboard electric lamps are distinct from 
port lamps. These two sets of lamps are ingeniously 
brought into every department of importance. The 
aim of this arrangement is that, while the saloons are 
lighted, half by starboard dynamos and half by port 
dynamos, the breakdown of either set of dynamos 
would only extinguish half the lights in these de- 
partments, thus leaving a fair amount of light. 

Fig. 26 represents an imaginary area to be lighted 
upon a main deck, and Fig. 27 the same area fur- 
nished with lamps upon this divided system. Ship 
return connections are used throughout. 

This excellent system may always be carried out 
when there are two or more dynamos, and even with 
accumulators. In the case of the starboard and 
port steaming lights, each lantern carries two or 
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more lamps. In some cases the lamps are fed from 
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separate circuits, with a common return. Thus, if 
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one lamp should fail, the other would maintain the 
light. The same system may be carried out in the 
case of bow and mast-head Ughts. It only necessi- 
tates the use of a twin cable, the return being made 
through the ship. Even in the case of binnacle lamps, 
the twin system should be observed, but full details 
of the screened compass lamps will be given further on. 

Distribution of the J/«^>w.— Mains should never be 
carried either longitudinally or transversely of a ship 
at a low level, except, perhaps, in the case of a war- 
ship. The reason for this is that in the event of col- 
lision'^they may be both damaged and immersed in 
water, and so put the ship in darkness. Arrange- 
ments should be made for carrying the mains to their 
respective areas just imder the main deck. The par- 
ticular course they should traverse depends altogether 
upon the build of the vessel and the arrangement of 
bulkheads and other partitions. Assuming that the 
dynamo-room is amidships the mains will be brought 
up and stretch fore and aft. The two independent 
sets are to be kept well upon the port and starboard 
sides of a line running longitudinally through the 
centre of the ship. As these mains cross the various 
separate compartments of the ship, the branches 
intended to feed the lamps there are forked down 
into them. In this way, while the mains are well 
protected from water from above, they are safe from 
risk of flooding below. The main supply is main- 
tained from above. Deck-houses are fed from the 
mains by branches forked upwards. 

The Piercing of Bulkheads, — At so high a level 
this is not open to the objections urged against it at 
a lower level. As a rule, if a bulkhead is required 
to maintain its watertight character as high as the 
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main-deck, it will not be objectionable to run cables 
through it at the highest level. The aperture is made 
watertight, if desired, by means of a pair of stuffing 
glands. Fig. 28, exactly similar to the stu£Sng boxes 
fitted upon the piston-rods of steam-cylinders. There 
is a gland for each side of the bulkhead, a, a. The hole 
drilled through the bulkhead is sufficiently large to 



Kg. 38.— Bulkbud SEoffing-Boi for Cable. 

freely accommodate the male screw, I, which is long 
enoi^h to engage the boss c, upon the other side. 
Vulcanised washers maintain the watertightness of 
the whole. The bore through the glands is made 
wide enough to receive the cable and an additional 
bit of vulcanized tubing, d, slipped over it. In this 
way the insulation of the cable is not exposed to the 
metallic touch of the glands. The stuffing-boxes 
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may be served with cotton or other stufling, Cy /. The 
result is a perfectly tight joints capable of withstand- 
ing any pressure. 

Ordtnartly^ when a main is carried through a bulk- 
head, it is not necessary to provide so elaborate an 
arrangement as that described above. A porcelain 
tube is frequently used, or a bit of thick vulcanised 
tubing, which is probably better. The tubing fits 
tightly upon the main. If it cannot slip in whole, it 
may be split longitudinally. The hole drilled in the 
iron is reamed out smooth to receive the tubing and 
cable, making a watertight joint there. Excellent 
as these arrangements undoubtedly are, they do not 
satisfy some. It is the opinion of some ship's electri- 
cians of experience that the best bulkhead plugs are 
made firom crocus or cherry-wood, boiled in liquefied 
parafiin wax. 

Ship Connection—Single- Wire System. — ^The connec- 
tion between the dynamo and the shell of the vessel 
is a matter that calls for some little consideration. 
A very ordinary practice has been to connect the 
leading wire feeding the lamps to the positive (or 
" feeding ") terminal of the machine, and to put the 
negative terminal in connection with the ship's metal. 
This arrangement works satisfactorily per se^ but 
complaints soon began to be made that the return 
connections from lamps began to be subjec to electro- 
lytic action^ and became corroded away. Thus, it is 
conceivable that if damp should find its way around 
one of the screws or "return plugs" to which the 
negative pole of the lamp leads, there would be a 
constant tendency to make the brass plug or screw 
act the part of an anode in an electroplating bath. It 
would become electropositive to the iron, and it would 
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gradually dissolve away, the copper and zinc com- 
posing it being deposited upon the adjacent iron. 

It is not to be assumed that an iron screw would 
withstand this electrolytic action in the presence of 
salt water. And indeed if we assume that the current 
were made to flow from the ship to the wire, or the 
exact reverse of the usual method, the action would 
probably still go on. There would still be a tendency 
to set up electrolytic action in the presence of such 
an electrolyte as salt water, the disengaged iron 
being deposited upon the brass screw. The " positive 
earth " system has not, however, had so extended a 
trial as to enable a just conclusion being arrived at. It 
is sufiiciently clear that, so long as salt water remains 
around an electrical connection composed of two dis^ 
stmtldr metals there will be electrolytic action from one 
to the other, depending solely upon [the direction of 
the current. 

The natural impulse of an electrician is to connect 
the leading or insulated wire to the positive pole of 
the dynamo. No valid reason can be given for this, 
other than the mere assumption that the current flows 
from this terminal. But the arrangement is found to 
serve the lamps equally well whether it be negative 
or positive in connection with the leading wire. It 
is unquestionable that a large proportion of ship's 
electricians prefer at the present time to work from 
the negative terminal, after a trial of the opposite. 
Similarly, 90 per cent, of the ship's electricians prefer 
the single-wire system after a trial of the double 
system. The balance of practicability appears equal 
in respect to' the negative or positive leading wire, 
but on the whole it would appear preferable to work 
from the positive terminal, and to prevent the 
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electrolytic action on return contacts by means of 
an insulating varnish, which will effectually stop off 
the contact of moisture.* 

The ^^ Ship Contact** Dynamo and Lamps. — In the 
case of the dynamo, particular care should be taken 
to insure that the connection is " good." It is not 
merely sufficient to join up to any neighbouring tie 
or girder. Such tie or gpirder may be in very in- 
different connection with the shell of the vessel. As 
a rule all main connections should be made to bulk- 
heads or the main gpirders of decks, if not to the shell 
of the side. The connection should be adjacent to the 

dynamo. It should consist of 
a gxm-metal receiver, bolted 
with a clean surface to the 
metal, generally formed as 
in Fig. 29. The receiving 
eye should have at least two 
pinching bolts of large size 
r-i to fasten the end of the piece 
of cable used. The extremity 
of the connecting piece of 
cable should be stripped of its insulating covering for 
several inches and passed entirely through the con- 
necting eye. A blind eye is not to be recommended. 
It is impossible to be assured that the cable is well 
home ; if, however, it passes through the eye, the 
connection may be made doubly sure by burring 
over the projecting end. It is the common practice 
to use black cable for this connection. Red is used 
for leading mains, black implies negative or ** return." 




Fig. 29.^Sliip Return Connector. 



« Successful instances of negative leading wire working are the steam- 
ships Isla de Luzon f Santa Domingo^ and Isla de Mandanao wired at 
Liverpool, and owned by the Spanish Shipping Company. 
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But when the return is actually through the mains, 
then if negative is to be indicated by black, the ship 
connection becomes Red and that to the mains Black. 
It is a general rule to paint the negative terminal of a 
dynamo or an accumulator black. The same rule holds 
with instruments that are so constructed as to require 
the electrical flow through them in one direction only. 
A black terminal upon an instrument means that the 
wire leading from the black terminal of an electrical 
source should be connected thereto. 

With regard to the lamp and branch return studSy 
they generally consist of brass screws, to which the 
return wires are soldered. In some cases the screws 
assume the form of studs, having pinch screws and 
eyes for receiving the wire. This is very convenient, 
but as pinch screws have a habit of working loose, 
bad contact may shortly after instalment occur at 
such points. It is much better to solder the wire to 
the screw, wrapping it well around the stem first. 
Before a return wire is connected to a ship stud it 
should have an elasticity spiral made upon it by 
twisting the end a few turns around a metal rod. 
This will give a certain springiness to the wire, and 
obviate its snapping short off by reason of any vibra- 
tion between adjacent woodwork and the shell of the 
vessel proper. The smallest size of screw contact 
that should be used is \ inch diameter, Whitworth 
standard. This size will, suffice for a few lamps. 
For a branch wire carrying several lamps, a | inch 
screw should be used. These connections, when 
complete, should be well coated with asphaltum var- 
nish. 

Single-Wire System — Casings for Mains, — Mains 
are carried in wooden casings. These are screwed 
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generally to adjacent woodwork. But numerous in- 
stances arise when main casings must be attached to 
girders, ties, rails, bulkheads, and other parts of the 
internal structure. This calls for the drilling of 
screw-holes in such iron work. The breast high- 
speed drill brace will be found convenient for such 
work. The position of the casing having been chalked 
off, the screw-holes are marked at distances of from 
one to two feet, by means of a centre punch. The 
holes are quickly made by means of a twist drill. 
They are afterwards tapped to receive I Whitworth 
screws. 

The casings consist of thick channeled laths, 
preferably of pitch-pine, because this wood being 
highly resinous, prevents the intrusion of wet from 
behind. The casing has a single channel, deep 
enough to receive the cable, which sinks in the 
casing until flush with its surface. The channel is 
made full large for the main. This allows of the 
latter being bedded in putty in the channel. The 
putty should be laid in the channel first, and the 
cable pressed upon it, care being taken that the 
cable is entirely surrounded by the putty. If the 
bedding of putty be well done, soft wood casings 
may in most cases be made to serve. But all casings 
should be painted with a lead paint before being put 
up. The casing is finished by screwing upon it a 
thin wood cover. Single channel casings are now 
an article of commerce. Those for ship work must 
be free from flaws, as cracks or loose knots. The 
wood base behind the back of the channel should 
be at least J in. in thickness. Holes for hanging 
should be made with the drill brace, a good distance 
away from the channel. This point frequently leads 
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to trouble. Wet may accumulate behind a casing; 
it cannot penetrate the casing itself, but it easily creeps 
around the screw, and finds a simple path through 
the unprotected wood to the interior. It is preferable 
to hang casings on ironwork, not by means of screws 
through the casing, but by the aid of square iron 
cleats or clamps. These embrace the whole of the 
casing, either below or above the cover ; the latter is 
preferable, but it involves the taking off of the 
supports when it is desired to remove the cover for 
any future purpose. The clamps or cleats may be 
single or double screwed, as the case may require. 
For mains of considerable section the casings must 
be firmly fastened to both wood and ironwork. After 
completion the whole usually receives a coating of the 
white lead paint so much used aboard ship. 

Casing to be avoided when practicable. — Well-insulated 
cable for mains require no casing, when it can be run 
upon woodwork that always remains dry, and where 
it will be free from mechanical injury. The advan- 
tages of this will be easily understood when it is 
considered that open wiring permits of the detection 
of a fault at once, whereas in the case of covered wires 
the locating of a fault is frequently a tedious process. 
Open wiring may be carried on imder decks, where 
there is sufficient woodwork to warrant it. Casing 
may be dispensed with in the working quarter of the 
ship, in store-rooms, in the course of alley ways, and 
so on. The wires are attached to the woodwork 
by means of cleats, forming loops over the wire 
at regular intervals, with screws into the woodwork. 

Concealed Wiring. — ^Whenever practicable concealed 
wiring should not be put into a ship. It may be in 
place in a mansion or hotel, but it is out of place in 
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a ship. The source of the main and branches 
should be accessible at all pointSy and this without the 
necessity to damage a square inch of any ornamental 
work. The temptation to conceal the mains and 
branches behind the ornamental woodwork of a 
saloon or library may be very strong, but it is not a 
necessity if a little ingenuity be exercised. There 
are always cornices above, and spaces beneath 
couches below, in the course of which wires may be 
led, either in cases or simply cleated. It must be 
borne in mind that it is not the present, but the 
future of the installation that has to be considered. 
Throughout every part liable to be exposed to wet 
or moisture arising from any cause, casings should 
generally be used, but they should cease when the 
sight of a bare cable would not be objectionable, 
and where the place is likely to be dry enough to 
permit of cleat wiring. Casings, mouldings, and 
small cornices can be made in such variety of 
design, and in such materials, that almost any style 
of ornamentation can be matched, and a casing put in 
that will not only not detract from the pleasing effect, 
but add thereto. 

When wires are run behind wainscot, or between 
a real roof and an ornamental ceiling, conditions 
frequently occurring in the saloon or state-room 
quarters, they must be carefully hauled taut, and 
well cleated. This is a very objectionable manner 
of wiring, even in houses, but it is especially so 
aboard a ship. Ceire must be taken if wires are 
run behind woodwork that they do not come near 
metal. It is indeed almost impossible in a ship to 
avoid touching metal in this kind of work, but not- 
withstanding the difficulties and dangers of it. 
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ignorant builders will sometimes insist upon con- 
cealed wiring. If wiring must be concealed it should 
be done carefully in casings before the cabinet-makers 
put up a foot of their woodwork. 

Numbering of the Circuits. — The men who wire a 
ship are not probably those who will have the instal- 
lation under their charge. It is thus plain that, 
although the wiremen may know very well where 
each main and branch leads to, the system may be a 
sealed book to a strange engineer about to run the 
electrical machinery. Hence it becomes an important 
matter to indicate upon each main its number. This 
is most conveniently done at junction-boxes, which 
should be clearly stamped with the number of the 
circuit, and, if possible, with an indication of the 
direction in which it leads. Thus an arrow, stamped 
upon a casing or junction-box will suffice to show, 
with the number, the starting-place and the probable 
termination of that lead. Small enamelled tablets 
with the words, " Circuit, No. ," are now coming 

into use for this purpose. 

Distributing Closets, — ^Where several leads arrive 
at an area to be lighted there should be situated a 
locker, and within this locker the joints of all ad- 
jacent branch-wires should be made. The cut-outs 
should also be included. It is bad practice to spread 
a number of cut-outs and joints apart. They should 
be, as much as possible, brought together, and in 
one distributing-box from a general starting-point. 

The advantage of this is that all junctions are at 
once brought into view ; so are all the fuses. One 
glance thus suffices to inform the electrician as to the 
cause of a fault upon any branch. It should, indeed, 
be the rule to have no joints of any importance, save 



174 WIRING AND FITTING OF SHIPS. 

in one of the several closets. Lockers for this purpose 
need only be a few inches in depth, and can easily be 
arranged for in the most crowded ship. In wiring a 
large ship it is most important to arrange for two 
independent sets of circuits. These should be known 
as the port and starboard circuits respectively. The 
mains for these should be kept well apart, so as to 
occupy either side of the ship. Each set of mains must 
have its own distributing closets. In a fair-sizied vessel 
six distributing points will generally suffice. These 
will be situated somewhat as follows : — 

Port distributing-closets: one for forward accom- 
modation, one for amidships, and one for after accom- 
modation. 

Starboard closets will be exactly similar, and will 
send out branches for one-half the lights in each 
important department, already partly served from the 
port closets. 

Unimportant lights, as alley-ways, state-rooms, 
stores, and so on, may be served from one side only. 
That is, each side takes its own detail lighting, but 
the general lighting in saloons, bars, smoke-rooms, 
libraries, steerages, galley, and pantries, should all 
be served on the double system. 

Number of Lights upon One Circuit, — ^This is a 
question that depends for its solution very much 
upon the circumstances of each case. Since we are 
in the present instance endeavouring to separate the 
general lighting into two divisions, the number of 
lamps required for half the lighting upon a given 
area may not amount to 50. This number is 
generally regarded as a safe limit, not to be ex- 
ceeded, upon a single circuit in house-wiring. It is, 
however, frequently exceeded in ship-lighting, as 
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will be seen by reference to the scheme of wiring set 
forth at page 161. 

The word circuit, however, in the ordinary kind of 
ship-wiring has not the same significance that it 
bears to house- wiring. In the latter case a pair of 
wires, leading wire and return, are taken from the 
switch-board, and generally traverse a great deal of 
space throughout the building, feeding lamps in 
single parallel at different points. The extreme 
ends of these two main wires would be dead 
insulated ends, or they might possibly supply one 
lamp there. These two wires with their bridging 
lamps would be regarded as one circuit. In such 
work fifty lamps is seldom exceeded. But in single 
wiring aboard ship the case is very different. Here a 
main leads from the large switch-board to the centre 
of its lighting area. At this point there is placed a 
distributing locker. From this locker branch wires 
are forked away to different parts of the area to be 
supplied. 

These may run close along ironwork communi- 
cating with the ship's shell, in which case very short 
return wires suffice to carry the current to " return " 
from each lamp. But there may be lines of lamps 
away from any " return " metal. In this case, these 
lines would be served by a return wire, quite un- 
insulated, running along their course, and com- 
municating with the ship's shell at a convenient 
place. 

Thus an electrolier (rarely used aboard ship) having 
many lights, would have communicating with all of 
its lamps a single naked return wire, the centre or 
end of which would send off another branch to the 
nearest ironwork. The lamps would, upon the 
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Other side or terminal, be fed by an insulated wire, 
the centre of which would join with a branch direct 
from the main. 

This is really the Tree or Stem and Branch system 
of wiring, with the slight difference that the twigs 
are not forked out in pairs as in house-wiring. 
One main matter must be borne in mind in wiring a 
ship. We are working upon the parallel system 
with a single lamp across the wires, or single 
parallel. It will not serve to put two or more 
lamps in series across the wires. There must 
throughout all the ramifications, be a clear single 
path from the main through each single lamp to 
the return. 

Lamps of different Candle-powers working together. — 
Reference to page 1 60 will show that upon circuit No. 
I there are three 50 candle-power lamps, working on a 
circuit feeding 16 candle-power lamps. It is obvious 
that since the electro-motive force of the d3mamo is the 
usual 1 10 volts^ allowing 100 volts for the lamps, and 
the remainder to be wasted upon resistance of leads, the 
50 candle-power lamps must take only 100 volts also. 
It is usual to allow about 60 watts for each 1 6 candle- 
power lamp on such a circuit. The only diflference 
between the two cases would be that the 50 candle- 
power lamps would take, at the same rates of current 
to light, rather over 1 80 watts of current. Now in 
estimating for the sizes of the mains and branches, it 
is the current that must be considered before anything 
else. It must be known what class of lamps and how 
many of each are to be run upon each branch. 

The current in watts that will be taken by these 
lamps must be added together to get the total watts 
required to flow in that circuit. If this be done, and 
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wires large enough be selected to keep down the loss 
of volts in the usual limit of 2*55 volts for every 100 
yards of leading wire (at 1,000 amperes per square 
inch), there will be no difficulty in burning different 
candle-power lamps upon one circuit. But these 
lamps must, without exception, be 100 volt lamps (we 
are supposed to be working at 100 volts), otherwise 
they will not bum. Each 50 candle-power lamp will 
thus merely consume as much as three or four 16 candle- 
power lamps, according to the construction of the car- 
bon in the lamp. The actual consumption of current 
depends upon the watts per candle-power taken by 
the particular lamp in question. This varies greatly 
in different makes, from 4 watts per candle for lamps 
up to '9 of an ampere, and 3*5 watts per candle for 
those taking more than '9 of an ampere. It is usual 
for the maker of the lamp to indicate upon its stem 
the particulars of its supply, as the voltage, and in 
some instances the watts per candle, and total current 
taken at a safe degree of incandescence. 

It will be quite clear from the above considerations 
that it would be impracticable to work 50 volt lamps 
upon a 100 volt circuit, but that it is quite easy to 
work 8, 16, 20, and 50 candle-power lamps upon such 
a circuit, provided that the lamps are furnished with 
filaments taking 100 volts. Indeed it is very usual 
to employ 8 candle-power lamps in berths and small 
spaces. They are frequently sufficiently large for such 
purposes. It may be further remarked that in many 
cases two 8 candle-power lamps will light a space 
much more effectually than one 16 candle-power lamp, 
owing to imperfect diffusion of the light. In this way 
low candle-power lamps are found very useful on ship- 
board. 

N 
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Jointing. 

The connections between main wires and branches, 
and between the latter and twigs or sub-branches, 
forms a most important part of the installation. No 
portion of the work calls for so much conscientious care 
as the jointing. It is a class of work that is not ex- 
posed to view, and is, therefore, very often performed 
in a perfunctory manner. Since the success or failure 
of a system of electric lighting must largely depend 
upon the integrity of the system of conductors, and 
upon the completeness and efficiency of the insulation 
protecting them, it will be obvious that the connecting 
part of the work must be well done, the more because 
it is not merely a mechanical joint that is wanted. It 
is not merely an electrical contact, nor is it simply a 
completeness of insulation, but it implies all three of 
these in perfection, mechanically for strength, electri- 
cally for perfect continuity, and sufficient insulation to 
insure that the joint is at least equal to the rest of the 
cable in that respect. 

If jointing in a careful manner is an essential thing 
in a house it is still more important in a ship. While a 
house remains dry, no part of a ship is quite protected 
from damp or water. If no water obtains access to 
wires or joints, the mere changes of temperature to 
which a ship is subject cause walls to " sweat " and 
moisture to cover all surfaces. In the case of a ship 
sailing between European ports and America, tempe- 
rature may be as low as zero while keeping a northerly 
course, but in a few hours the vessel enters the Gulf 
Stream, and the frigid condition is exchanged for the 
balmy breezes of midsummer. Such changes cause, 
upon ironwork especially, a copious condensation of 
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moisture, which for some time to come may trouble 
the electrician by its baneful effect upon the insula- 
tion of the whole system of conductors. We have 
before alluded to this subject, and it may appear that 
too much stress is being laid upon the question of 
insulation, but to those who have worked an instal- 
lation aboard ship our inferences concerning these 
difficulties will be acknowledged to be rather insuffi- 
cient than otherwise. 

A per/ec^jom^ consists in three matters : ist, a me- 
chanical connection between the wires so strong that 
when strain is put upon the joint the wire is as likely 
to break as the joint : 2nd, an electrical connection so 
perfect that its resistance to the current is even smaller 
than that of the general run of the wire or cable ; and, 
3rd, an insulation joint so perfect that, mechanically 
and electrically, it is at least as effectual as the general 
unbroken insulation protecting the wires. These 
three conditions can be met in every respect. But it 
must be understood that jointing i^ a business to be 
conducted upon a set system, and not only faithful 
work, but knowledge and skill are required in a good 
workman. 

Joint Solders and Fluxes. 

A few words concerning the materials used in 
soldering the joints, and of the process itself as 
applied to electrical purposes, may prove useful to the 
reader. 

When a perfectly clean surface of copper is 
moistened with a weak solution of chloride of zinc, 
it is ready for tinning or soldering. The solder 
itself, consisting of tin alloyed with lead, is of that 
kind commonly used by workers in tinplate. It is 



l8o WIRING AND FITTING OF SinPS. 

most conveniently applied to the article by the aid of 
a soldering ^* iron," which, however, must be a taper- 
ing and pointed piece of copper, sufficiently heavy 
to retain heat for some time. This " iron " is fur- 
nished with a stem and a wooden handle. Before 
the iron can be used its point must itself be " tinned." 
This is done by heating it nearly to redness, and 
quickly filing clean surfaces upon the sides of the 
point. The clean surface is then quickly rubbed 
upon a piece of solder, previously wetted with the 
soldering fluid. If the copper be free from oxidation, 
it will become coated with a layer of the tin solder. If 
failure to tin the point be encountered it will invari- 
ably be due to one of two causes. The filed surface 
has not been applied to the solder quickly enough 
before it re-oxidized, or the iron is too cold. If the 
iron be made too hot, it will be impossible to tin it, 
and in using soldering irons care is to be taken never 
to exceed a heat sufficient to freely melt the solder, 
otherwise the tin will become burnt off the point and 
the process will have to be repeated. The tinning, 
or soldering of a surface, is effected by merely touch- 
ing it or rubbing upon it, the prepared soldering iron. 
If sufficient solder does not cling to the iron, its 
application to the solder is repeated. In practice the 
jointer, holding the solder in his left hand fuses off 
a drop of it with the iron held in the right, and 
applies this drop to his work. The solder will readily 
flow or "run" wherever there is a clean surface, 
coated with the flux. Without flux it will neither 
" take " nor flow upon the surface. The iron must be 
heated sufficiently. 

Regarding the question of fluxes, which is a greatly 
contested one amongst wiremen, there can be no 
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doubt that for jointing, resin powdered fine is the 
best flux to insure the integrity of the joint. But the 
use of resin necessitates extreme cleanliness of the 
surfaces, and some skill in applying the solder. The 
latter does not tend to flow or "run " so freely upon 
a resin flux as upon a fluid one. But as fluid is 
generally employed it is a questionable advantage. 
The soldering fluid in general use is made by dis- 
solving chips of zinc in muriatic acid until the latter 
is exhausted. If this be left upon a joint that part 
will never dry, because the chloride of zinc is a de- 
liquescent salt, and a state of rottenness is set up. 
All such joints should be washed, and the fluid used 
very sparingly. There can be no doubt that resin 
joints, carefully made, are the best. 

Preparation for Jointing. — Wires to be connected 
together electrically must have the portions over 
which the joint is to extend denuded of all covering. 
The copper must be perfectly free from rubber or 
oxide — it must be made bright by scraping or friction 
with emery-cloth. Since the insulating covering will 
be made to lap again over the joint, some care will 
have to be used in removing it. In the case of wind- 
ings of cotton, hemp or tapes, they are merely cut 
through and unwound the required distance, but not 
cut off". In the case of rubber, vulcanised upon the wire, 
it will generally form a tube simply and cannot be 
unwound until it is divided in the middle of the space 
and a spiral cut made in it with the insulation knife. 
This if well done will form the rubber into a ribbon, 
wound spirally upon the wire. The ribbon is not to 
be cut away. These preparations apply to all wires, 
whether they be T-joints or end-to-end splices. 

Longittidinal Joints in a Common Single Wire, — 
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Remove the insulation from two inches of each end. 
With the file make a scarf or switch upon either end, 
so that upon placing one upon the other they will 
form a joint not larger than the diameter of the wire, 
ay Fig. 30. Tin both ends with the soldering-iron. 
Place them together and heat gently over the spirit- 
lamp. They will readily fuse together, b. They may 
be kept in position by holding one end in each hand. 
When cool dress down with the file. Wind a close 
spiral of tinned copper binding wire tightly around 
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Fig. 30. — spliced Parallel Conductor Joint. 

the joint, entirely covering it, c. Moisten with solder- 
ing fluid and sweat the whole together with fresh solder 
upon the iron. Again dress with the file, and see 
that the joint is quite dry. If any moisture remains 
it will set up corrosion. If necessary, wash and dry 
the joint. This makes a very neat joint, but it is not 
very strong against lengthwise pull. Varnish with 
rubber varnish and proceed to replace the rubber in- 
sulation as neatly and closely as possible. Varnish 
again and apply a winding of narrow pure rubber tape. 
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Soften this above the lamp, and press closely to- 
gether with the fingers. This should form a com- 
plete rubber sheath. Varnish again and over all 
wind the original tape, varnishing freely. The whole 
when done should form a round joint, d and ^, but little 
larger in diameter than the insulated wire. It should 
withstand immersion in water for any length of time. 

The Insulation yoint may be made differently. The 
original rubber may be entirely removed, over the 
joint, which should be kept warm and dry with two 
or three close layers of fine rubber tape, applying the 
vulcanising solution between each. Over all a layer 
of rubber varnish. Finally the original tape, or a 
winding of new tape extending beyond the limits of 
the joint. In either case the chief points requiring 
attention are those where the new insulation joins 
the old. If there be not perfect contact here, the 
joint will be faulty. Combination of new and old 
is the chief point to be obtained. 

Soft Insulation Joint. ^Soft insulation consists of 
pure india-rubber, unvulcanised. It forms a very 
perfect protection, electrically, but it is weak in a 
mechanical sense. It might be well protected by 
braiding or windings of tape, but it has another 
defect in respect of electric-lighting work. Un- 
vulcanised rubber is easily melted at a low tem- 
perature. The heat imparted by a full electric- 
lighting current, when the density rises as high as 
2,000 amperes to the square inch, would perceptibly 
soften the rubber. For this reason the unvulcanised 
variety is not often used. But it is perfectly admissible 
in cases where the current density is maintained at a 
low value. 

The nature of the insulation joint will depend upon 
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the metallic joint to some extent, but assuming that 
the original rubber has not been cut off, and that a 
splice-joint has been made, the rubber is treated as 
follows : — 

Dry and warm the metallic joint. Proceed to stretch 
down the soft rubber from either end, working it 
closely and equally around the joint, until both ends 
unite, forming a perfect coating. This latter junction 
may require the application of a hot iron to run one 
end of the rubber into the other. Allow the whole to 
cool. Apply a coat of Chatterton's compound. Warm 
a narrow strip of pure rubber tissue. Fasten the end 
to the joint, holding it over the lamp, and proceed to 
wind it closely around the middle of the joint. If 
this is well done, it will form a solid rubber ring 
around the middle. Keeping the rubber soft, work 
it lengthwise of the middle to either end, and tool it 
into complete connection with the original insulation. 
It should be finished round and smooth, the wire 
occupying the middle. If the wire be protected by 
tape or braiding, let this be replaced, and the whole 
well varnished. This joint should stand long immer- 
sion in water. 

Note as to Cleanliness. — In working soft rubber, as 
a coating or as tissue, particular care must be taken 
that the hands are perfectly clean, and free from 
perspiration. Any impurity coming in contact with 
rubber will spoil the joint, and may cause it to " rot," 
and become soft and useless. Wiping the fingers, 
after washing, with wood naphtha, or methylated 
spirit, is a useful precaution. 

Another Metallic Joint, — Clear away the insulation 
for two inches from either end. Clean the copper. 
Place the two ends together parallel, so that they 
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overlap the full length. Grip tight at one end with 
hand-vice. With pliers proceed to twist one end 
over the other alternately, until a close, tight spiral 
is obtained. This takes a little practice. The joint 
is completed by releasing the hand-vice, and trans- 
ferring it to the twisted end. The unfinished part 
may then be twisted. The joint thus forms two 
spirals, similar to a pair of corkscrews worked into 
one another. The tightness of the joint is a test of 
its strength. Finish by moistening sparingly with 
soldering fluid, and sweating with solder run in with 
the iron. Dress off smooth, and cover with the 
insulation joint. 

Another and simpler way to form a spiral joint, 
but which is more clumsy, is as follows : — 

Place the cleaned ends across each other near to 
the insulation. Grip with the hand-vice or pliers. 
Proceed to twist the two projecting ends together 
until a close spiral, an inch in length, is obtained. 
Cut off the remaining ends. Bend the spiral care- 
fully parallel with the wire, and solder together. This 
is suitable for very thin wires. 

Joint in a Heavy Wire, — A very strong and efficient 
joint may be made as follows. It is suitable for 
wires liable to longitudinal strain. Clear away 
insulation from either end for three inches. Clean 
the wire, bend each extremity sharply at a right 
angle, half an inch from the end. Place the wires 
parallel together, with the bend upon each near to the 
insulation of the other. Hold with hand-vice. Apply 
a length of binding wire. Whip it around the single 
wire at one end a few times. Extend the wrapping 
over the twin wires until a finish is made at the 
insulation at the other end, again upon the single 
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wire. Solder the whole together. Cut ofiF the ends 
of the wires projecting beyond the wrapping, and 
finish with the file. Wash and dry the joint. Warm 
over the spirit-lamp, and apply a soft length of pure 
rubber tape. Work and tool this carefiiUy over the 
whole joint, and over the original covering. Replace, 
as far as practicable, the old covering, with the aid of 
coats of varnish. Allow one coat to dry before 
applying another. Finish with the old exterior tape, 
and a final wrapping of new tape, carried well over 
the ends of the joint. Use rubber varnish between, 
and shellac varnish as a finish. The joint should 
withstand continued immersion in water. 

Longitudinal Joint in a Cable, — Conductor of seven 
strands. Clear the insulation for three inches from 
either end. Bend up the six outer wires of each end 
at right angles sufficiently, and cut out the central 
one from either end. Bring the wires of one end 
against those of the other, so that they intermix, and 
form twelve wires interlaced. Grip near the middle 
with two pairs of gas pliers. Twist one hand to the 
right, and the other to the left. This will form a 
longitudinal twist between the wires. Continue 
twisting tightly until the ends are reached. It calls 
for some skill to make a good joint in this way, but 
when accomplished it is the neatest that can be made 
in a stranded conductor. The pliers must be held 
tightly throughout. If the joint is well drawn together y 
the cut ends of the central wires should meet. In a 
cable having fourteen strands, the centre consists of 
four wires. All of these should be cut out, and the 
ends filed flat, so that when they come together, there 
will be intimate contact between the two cores. The 
twisting of the exterior wires must be especially 
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perfect in the case of cables having large cores cut out 
in this way, otherwise the cores will not come 
together. Tlie whole of the current will fall to be 
carried by the exterior envelope of wires, and over- 
heating at the joint may be set up. Fig. 31 shows a 
branching splice suitable for heavy wires, and in- 
tended to be overwound and soldered. Fig. 32 ex- 
hibits the Britannia joint, invented by Mr. Latimer 
Clark. 
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In a cable of nineteen strandsy the core will consist 
of seven wires. It must be cut away quite flat, and 
well butted together. After the joint is twisted or 
drawn together as tightly as possible, it is moistened 
with fluid, and thoroughly soldered, insuring that the 
latter shall penetrate to the core, and make good 
the connection there. When the core is large, as in 
a fourteen or a nineteen-strand cable, it is well to 
apply fluid to both ends of it before twisting up the 



1 88 WIRING AND FITTING OF SHIPS. 

enveloping wires. This will insure against the risk 
that the fluid may not flow into the interior. Restn 
is beUer for this sweating process than Jlutd, The 
latter is apt to be used too freely, to insure its flow, 
and some of it is apt to remain open, or within the 
joint. If this occur, it will set up electroljrtic action, 
which will in time make the joint rotten. This kind 
of joint, when well made, is the neatest, and probably 
the most effectual yet tried, but it has the disad- 
vantage that it is not so strong against longitudinal 
pull as a more clumsy form of connection. 

Extrorstrong Longittidtnal Joint in a Cable. — ^This 
connection is made somewhat similarly to the last. 
The ends are cleaned, enveloping wires bent up, and 
core cut out. But at this stage each opposing pair 
of wires is to be twisted together separately. Then the 
whole is twisted together as before. This makes a 
thicker joint than the above, but it has the advantaige 
of being very strong. It must be trimmed down 
smoothly after soldering, so that no sharp projecting 
points remain that might pierce the insulation. All 
of these joints should be served, after washing, if fluid 
has been used, with a preliminary coating of pure 
rubber, applied hot. 

T'Joints, — These are used in cases of tapping a 
main wire for supply to a branch. It is a kind of 
joint of which a great many have to be made at 
every installation. As generally done it is very 
simple and effective. The tapping point upon the 
main having been determined, the insulation is care- 
fully cut through in two places, around the main, an 
inch apart. The measurer exercises great care, in using 
his knife, not to notch the main wire. The one inch 
length of insulating material is next slit longitudually 
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and removed. The main wire is scraped clean. 
Insulation is removed from a few inches of the branch 
wire, and that also cleaned. The branch wire is 
laid across the main, up to the point when insulation 
commences, and to the extreme left of the one-inch 
space. The branch wire end is now twisted in a 
close spiral around the main, and when it hag filled 
the space, the end is cut off close- The next step is 
soldering, then trimming smooth. The insulation 
commences by the application of warmed rubber 
tissue, in several layers, with rubber varnish. The 
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whole is incorporated together, and must extend 
beyond the original gaps. The rubber is tooled down 
at the junctions. A winding or two of waterproof 
tape, with varnish, completes the joint, which must 
be capable of withstanding immersion in water with- 
out leakage of current. Fig. 33 shows a still more 
common method of connecting branches. 

Cable and Single- Wire Parallel Joint. — The neatest 
way to continue a stranded conductor along a single 
wire is to remove the core of the fermer. If the 
cable be a seven-wire one, the central wire is cut out 
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for about three inches, and the single wire takes its 
place. If the cable be a 19- wire one, and the single 
conductor be of considerable thickness, it is usual to 
cut away 3 or 4 inches of the whole of the core — 7 
wires — leaving only the enveloping wires. These are 
twisted tightly around the wire, and the whole care- 
fully soldered through. In making such a joint, the 
end of the core where cut off should be flat. The 
inserted wire should have a flat end to butt against, 
and should be previously tinned. Such joints are not 
very strong mechanically, and must not be subjected 
to much strain. The joint may be made mechani- 
cally strong by the expedient of bending the end of 
the single wire sharply at a right angle, and 
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Fig. 34.--Doable Wire Wood Cleat. Fig. 35.- Double Cleat or Moulding. 

thrusting this projection between two strands of the 
cable. It is made tight by close twisting of the 
enveloping wires. This insures that the central wire 
shall not be easily pulled out, but it makes but a 
clumsy joint. 

Brass Connections. — ^The use of brass connections, 
with mere set-screws to pinch the conductors into 
contact, cannot be too strongly condemned in the case 
of permanent work. They are made in an endless 
variety of styles for temporary connecting, for which 
purpose only they are admirably adapted. 

Wood deals, — ^Those are made in a variety of 
patterns, generally for double wiring as shown in 
Fi&s. 34 and 35. Casings, Fig. 36, are made single 
and double. 
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Porcelain Cleats. — ^These are useful for internal 
or room wiring and in turning comers. Fig. 35 re- 
presents the form in which the double-wire pattern is 
made. 
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Fig. 36,— Double Wire Casing 
with Cover. 



Fig. 37.— Saddle for Stranded 
Conductor. 




Brass and Leather Saddles. — Brass saddles, as 
Fig- 37> 3.re seldom admissible, except for screwing 
to dry wood. Leather is more safe, as it is not liable 
to chafe through the insulation. 

Joint Boxes. — A convenient form of straight joint 

v^. — ^J^^ box is shown in Fig. 38. It 

consists of a tube split in 
two halves, and arranged 
Fig. 38.-Longitudinai Joint Box. foj. screwing together. The 

diameter is intended to fit the cable nearly, which is 
rendered watertight by a packing of putty. A similar 
joint box, adapted for a 
double T-joint, is shown in 
Fig. 39. These boxes are 
very useful for protecting 
junctions liable to be ex- 
posed to the weather. They 
are procurable screwed to 
fit gas-pipe, through which 
conductors are sometimes 
passed for protection. They 
should be cast in brass when 
small. This gas-pipe pro- 
tection is almost always used in both boiler and 




Fig. 39.— Two-way Joint Box. 
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engine-rooms^ and is especially required in the former. 
Such boxes are especially useful for protecting joints 
in lead-covered cable. Lead-protected cable joints 
should be protected by the lead itself, but it is seldom 
that a T-jointy made in such a conductor, is so finished 
that a cover of some kind can be dispensed with. 
This is still more true of the double T- joint, or other 
more complex forms, rendering the making good 
of the lead sheath a rather difficult matter. 



CHAPTER VII. 
LAMPS, SWITCHES, AND CUT-OUTS. 

The main cut-outs at the base of the chief con- 
ductors having already been spoken of (page 149), we 
have now to consider the appliances for the same 
purpose adapted to the system of distribution prac- 
tically at the ends of the mains. In some cases 
doubtless the use of a common fuse-board, placed in 
a distributing cupboard, may be made to serve as a 
general safety device, feeding several branches or 
sub-mains. But experience has shown that the use 
of watertight cases for sub-main cut-outs is extremely 
advisable. It is not always that a cut-out should be 
placed in a distributing box ; in many cases it has to 
occupy a position exposed to the risks of being 
covered with sea water, or at least open to damp 
atmospheres. It is in such places that watertight 
cases should be provided to completely protect the 
branches and fuses of sub-mains. In the case of 
single wiring this arrangement will be very simple. 
A cast-iron oblong box is generally used. Water- 
tight plugs, through which the conductors run water- 
tight also, occupy either end of the box. There are 
as many plugs as there are sub-mains to protect. The 
base or inside of the box is preferably made of slate, 
having brass connecting pieces attached to its upper 
surface by screws from beneath. These connections 

o 
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receive at one end the extremities of the sub-mains, 
and between them they carry the fusible slips. These 
latter are fastened down preferably by butterfly nuts, 
so that no spanners or wrenchers need be sent for, 
when a fuse has to be inserted without delay. The 
cover of the box closes watertight upon an edging 
of vulcanised rubber or other approved means* The 
box is made to open easily so that no time may 
be lost in ascertaining whether (and which of) the 
fuses have given out upon the occurrence of any 
accident. 

Position for Cui-outs. — ^The main cut-outs at the 
dynamo switch-board are intended to carry a current 
just under what is estimated to overheat the mains. 
This current might be lOo amperes. If a thin branch 
were taken off such a main, and were not provided 
with a cut-out, the maximum current of the main, 
which might not perceptibly warm it, might fuse the 
thinner conductor, upon the occurrence of a short- 
circuit. Hence, cut-outs should be placed at the lose 
of all branches from the main. Thus, it is impossible 
to safely dispense with two cut-outs between the 
dynamo and the lamps. A multiplicity of cut-outs is a 
source of weakness and loss, and even danger, but the 
main and sub-main cut-outs cannot be dispensed with. 
Cut-outs must similarly be placed upon all branches 
from main branches. 

Cut-outs for Double Wiring on the Double-Wire Sys- 
tem. — Cut-outs must be put to both leading and return 
wires. This may appear unnecessary, but it is really 
very important. A short-circuit may occur by the 
earthing of any wire just as readily as by contact 
between lead and return, and it is to the cut-out on 
the return wire that we must look for a severing of 
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that circuit in case of short-circuit to earth. As a 
matter of course the arrangements in the case of 
double wiring are of necessity complex, and it is 
almost a necessity in a passenger vessel to add thereto 
by placing a switch cut-out a,s one of the two. Thus, 
in case of having to replace a fuse there, it might be 
necessary, in the case of plain cut-outs, to switch off 
the whole of the main supply before the fuse could be 
replaced. But if a switch cut-out be used it will only 
be necessary to disturb the lights beyond the break. 

Reduction of the Number of Metallic Contacts, — In 
order to reduce the number of contacts introduced by 
the cut-out system, an ingenious electrician will 
endeavour to solder or sweat in as many of the main 
and branch connections to cut-out blocks as prac- 
ticable. A soldered connection is far more reliable 
than a set-screw connection. Connection by metallic 
touch cannot be superseded in the case of the fuse- 
slips themselves. Many persons object to sweated 
or soldered contacts, contending, and not without 
reason, that they render alterations difficult. It may 
be pointed out, however, that when alteration of 
circuit is probable in the near future, the binding-screw 
connections should be made with double set-screws. 

A good deal has already been said regarding the 
material and so on of the fuses themselves. With 
regard to their shape it is impossible to say that any 
particular one is the best, but there can be no doubt 
that the ribbon-fuse is an excellent shape for prac- 
tical purposes ; it gives a good, broad contact, above 
and below, and is easily handled ; it is, moreover, not 
liable to be cut across, damaged or broken by the 
pinching-screws. The worst possible shape for a fuse 
wire is round. The wire being soft, the set-screw, if 
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applied tightly, tends to break the wire in two, and the 
touch is far from satisfactory. If round wire must be 
used it should be made to form an eye or circle, to en- 
circle the stem of the screw, so that a broad contact 
may be obtained. If placed in round-hole terminals, 
fuse-wire should have hard brass ends for insertion 
into the terminal. 

Detached Branch Cut-outs. — As a general rule, 
small branches are more conveniently fitted with cut- 
outs detached from any distributing-point. It is 
not often practicable to arrange for given points of 
departure for minor branches, such as would be taken 
off to feed 20 lamps or less. The branches become 
so numerous that to save wire the cut-out must be 
placed by itself ; and it is not always that it can be 
placed strictly at the base of the branch, owing to the 
starting-point from the main being in an inaccessible 
place, where it would be inconvenient to gain access 
to the cut-out. Endeavour must always be made in 
such cases to make the length of branch- wire between 
the main and the cut-out thicker than the branch 
itself. This will insure that upon heat being set up 
in the wire, the fuse will go before any excessive 
heat is generated in the connecting piece from cut-out 
to main. 

Detached cut-outs are now produced in a variety 
of designs, and some of the forms, serving as ceiling 
plates or roses in rarer instances, are illustrated 
further on. They usually consist of a slate base, 
enamelled, carrying two blocks of gun-metal, one 
on either side of the middle. Each block is fur- 
nished with a receiving hole and screw, one for 
the branch to the main, the other for the branch to 
the lamps. The two blocks are connected across 
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by a fuse- wire, furnished with flat contact-plates, 
for reasons already fully explained. The slate (or 
other insulating material) base is pierced with 
holes through which are passed the two wires, and 
also with screw-holes, by means of which it is 
attached to any convenient woodwork in the course 
of the branch. Over all is placed a domed cover, 
fitting watertight into a groove in the base, and 
fastened with a screw. Such a branch cut-out may 
be adapted to feed any number of lamps, from one to 
20, according to the carrying capacity of the fuse-wire. 

Cut-out and Switch Combined. — In the case of ship- 
lighting, where a saloon, library, or steerage is 
lighted partially by a branch, it is usual to control 
all the lamps upon that wire by means of a single 
switch. In such case it is a great convenience to com- 
bine the switch with the cut-out, so that one base and 
set of connections may be made to serve for both. 
This device is known as a cut-out switch. It saves a 
great deal of connecting to employ a cut-out switch 
for all branches when a number of lights are run at 
once, or in other words are always turned on and off 
together. 

Multiple Cut-out for Branches. — In many cases a 
number of small branches carrying from two to ten 
lamps may conveniently be forked out from one point 
in a pair of mains or from a leading wire only on 
the single system. When this can be done it allows 
of the whole of the cut-outs for these branches being 
assembled upon a single board. This arrangement 
saves much time to the attendant. He has the bases 
of several branch circuits at one point, instead of 
their being scattered over a large area, sometimes in 
isolated corners. 
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Multiple Wire Cut-outs. — ^When fuses are of con- 
siderable size, it is better to subdivide them than to 
employ a single large wire. Hence it has become 
the practice to make large cut-outs with several 
ribbons or wires. These possess the advantage of 
giving way and breaking the circuit with greater 
promptness than usually occurs when thick fuses are 
used. 

Detached ten to fifty^mpere Fuses. — ^The very simple 
and eflfective form of cut-out represented in Fig. 40 
is extensively used for single branches carrying any 

number of lamps. It 

!FPff ^PP pp^Mffi consists of a slate base, 

\ll II , A-l-y 1 carrying two blocks 

of gun-metal, each 
furnished with two 
clamping bolts for re- 
ceiving the main connection, and a pair of clamping 
screws for attaching the fuse-plate to the blocks, 
across the gap as represented. The base may be 
fitted into a cast-iron box when required, and so 
rendered water-tight. 

What should a Cut-out Protect ? — ^A very erroneous 
notion prevails that cut-outs are intended to protect 
the lamps from the danger of being broken by an 
excessive electro-motive force. This is not the true 
function of a cut-out. Its main object is to obviate 
the occurrence of a dangerously-large current in any 
wirey and thus to prevent entirely the risk of setting 
fire to woodwork by red-hot conductors. Cut-outs 
doubtless at times do protect incandescent lamps, but 
this is mainly incidental to the chief object. 

Switches for Heavy Branches. — ^A branch carrying 
from twenty to fifty lamps or more, sometimes serves 



Fig. 40.— Ten to Fifty Ampdre Cut-out. 
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one-half of a main saloon, wherein all the lights are 
turned on and off at one time. The individual 
lamps, in such cases, are not provided with switches. 
These would be generally inaccessible for use if 
they were fitted to each lamp. In such cases, which 
are very common aboard passenger steamers, the 
current is switched on and off by one main switch. 
This is not done in the dynamo-room. It would be 
inconvenient to cut off at the mains, which will 
probably be feeding numbers of stateroom lights, 
liable to be turned on at any 
time. Such heavy branch 
switches assume various 
forms. The " hatchet *' 
switch, now extensively 
used, and represented in 
plan in Fig. 41, is admir- 
ably adapted for this pur- 
pose. It consists of a base 
of slate, or other insulating 
material, carrying a lever, 
Oy jointed at b. The lever 
carries a gun-metal or cop- 
per plate, Cf bevelled so that 
it may wedge its way beneath the contact springs, 
d d\ If the main wire connects at by and the branch 
at d or d\ or both together, the arrangement forms 
a single-break switch. In this way the current would 
flow through the joint by which is not advisable. But 
if the main be connected to dy and the branch wire 
to d\ thus the arrangement becomes a double-break 
switch, and the current flows from contact d to d\ 
through the blade c only, thus encountering little 
or no resistance. Such switches should be furnished 




Fig. 41. — Single Hatchet Switch. 
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with covers, the wood being kept well away from the 
metal parts. 

Two-way Heavy Branch Switch, — In Fig. 42 is 
depicted a switch of the same nature as that described 
above, but adapted for two circuits instead of one. 
The lever, a^ with its plate, Cy may be put in contact 
with the pair of plates, d or d\ In this way a reserve 
circuit, connected, say to d\ may be brought into 
working, upon the failure of that connected to d. The 
main connections will, in this case, be bifurcated, 

sending a branch 
to one of the con- 
tacts at dy and one 
of those at ^'. The 
regular working 
circuit will be con- 
nected to the re- 
maining contact of 
dy and the reserve 
circuit to that of 
d\ This arrange- 
ment is extremely 
useful for cabins 
and saloons, 
smoke-rooms and libraries, where reserve circuits are 
very often placed, to provide a means of continuing 
the lighting after the breakdown of the usual circuit. 
The same switch may be made useful for throwing 
the current off one circuit on to another, lighting an 
entirely different department of the accommodation. 

Small and Single Lamp Switches, — The smallest 
switches made are usually adapted to carry five 
amperes. We cannot here attempt a description of 
many of the numerous varieties, but will select one 




Fig. 42.~Double Hatchet Switch. 
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or two as examples of the rest, so that the reader 
may possess an idea of the construction of such 
miniature circuit closers. 

One of the most useful small switches is that 
known as the " tumler " variety, the interior arrange- 
ment of which is depicted in Fig. 43. It consists of 
a double contact, formed in the shape of two split 
contact blades, a^ which can be depressed by the 
movement of the little ball lever, 3, at the top. The 




Fig. 43.— "Tumler »» Switch. 

twin contact closes the circuit by bringing the two 
blocks, c and dy upon the base into circuit through 
them. A strong spiral spring keeps the blades away 
from the contacts when the switch is open. When 
it is closed, the fulcrum of the lever is so placed that 
a jar will not cause it to fly open. But when the 
lever is moved slightly, the spiral spring, ^, comes 
into play, and throws up the blades rapidly, opening 
the circuit with a snap. In this way the arc that 
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would be set up by the current, if the switch were 
opened slowly, is avoided. There being two contact 




Fig* 44*— American Double-pole Switch— Interior. 

points instead of one, the little spark that inevitably 
takes place upon breaking circuit is divided into two 
halves. In this way such a switch will last in use a 

long time before the contacts 
are so much burned as to 
be useless. The arrangement 
is hinged upon the brass 
bracket, f. 

The American Switch, Figs. 
44 and 45, is both double-pole 
and double-break. The lever 
a works b and ^'by a cam action. 
The contact is made upon the 
spring clips c and c. Conductors lead through d and d. 
An ingenious little switch for one lamp or a 




Fig. 45.— American Switch^ 
Exterior View. 
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number has been brought out by Mr. J. H. Holmes. 
Its arrangement is shown in Fig. 46, the cover and 
key being represented as removed to exhibit the 
interior. This consists of a narrow, oval-shaped 
central stem, a, having a spring with two free ends, 
6, upon either side of it. The contact is made when 
the lever c, forming part of a, is brought on to the 
fixed part or contact spring, d. When a is turned 
clockwise, the ends of the oval piece will separate 
the ends of the spring, 6, which will bear heavily 
upon the ends of the oval. At this time the switch 
is " on." When the oval, a, is released slightly, it 



Fipf. 46.— Hglme*' Small Switch. 

will fly round to the left by reason of the pressure of 
the springs upon the sides of a. The hand-key is 
so made that, after the release is given to a, it is free 
to fly away and break contact without being under 
control of the hand. In this way it is impossible to 
make an arc within the switch, which is very efficient 
when irresponsible persons handle the lighting 
arrangements. When the switch is fairly "on," 
it cannot fly back by accidental jarring, the contact- 
piece being held in a cam space below the contact- 
spring. 
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Rod Switch. — ^In many cases it is undesirable to 
place the switch controlling the lights in a depart- 
ment so that they may be interfered with by un- 
authorised persons. A device known as a rod switch 
is sometimes used for this purpose, consisting of an 
ordinary switch, the lever of which is furnished with 
two projections, one to right and left, so that the 
lever may be pushed to the ** on " and " oflF" positions 
by means of a rod. 

Key Switch. — But the most generally useful switch 
is that form in which the working parts are enclosed 
in a locked case, but providing a recess for a 
detachable key, which may be carried by an 
authorised person. 

Inspection Switch, — Many portions of the interior of 
vessels are periodically inspected, at which time an 
officer may pass through them, but may only require 
the light during his passage. Entering at one end 
he turns on the light, but, on leaving at the other 
end is unable to extinguish it without returning. Such 
cases are met by the very simple arrangements of 
two switches represented in Fig. 47. On entering 
the department the first switch, a^ is turned on, which 
allows the current to pass through the lamps, the 
circuit being made through the upper of the two 
mains, the negative wire of which is led to a switch 
at one end, whilst a similar switch at the other end 
is connected with the positive wire. Upon leaving 
the department, the second switch, ^, is turned, thereby 
opening the circuit, and leaving the positive wire 
from the lamps ready connected with the second 
return wire, so that upon re-entering the place the 
lights may be turned on at either end as desired. 

This arrangement of switches is now used exten- 
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sively in first-class staterooms having two berths, so 
that the lamp may be turned on or off by the occupant 
of either berth. 



InnBL 




Fig. 47.— Occasional or Stateroom Switch, Double. 

Fig. 48 represents a useful door contact, consisting 
of a bracket, ^, carrying a spring and knob, 3, c and d. 
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The door presses c and the light remains on while it 
rests in that position. This form is also used for 
bells. 

The Fitting of Small Switches. — ^The fitting of small 
switches, forming as it does the detail work of the 
system, is apt to be left to the apprentices, and is, 
therefore, frequently performed in a very inefficient 
manner. Extra care should, however, be taken at 
such points, the more so as two wires are here 
employed, lead and return, and short circuits are 
very apt to be set up. It must not be supposed 
that the use of naked wire as a return, near to either 
lamps or switches, is to be recommended. On the con- 
trary, insulated wire should 
^ be employed until the separa- 
tion of the two wires is in- 
sured. When the two wires 
are brought together to the 
-^ switch or lamp, they should 

Fig. 48.-Door Contact for Lamp, be kept as far asunder as 

practicable. 
In making the connections to the series of switches 
cleanliness of contact is the first consideration, and 
tightness of contact is almost as important. Con- 
tacts may appear sufficiently secure that in a few 
weeks will work loose, owing to the jar set up by 
engines when " racing," and a great deal of trouble 
is caused thereby. The wire-ways through switch- 
bases should be plugged up watertight by means of 
putty or asphaltum compound. 

The Incandescent Lamp. 

It is well to be familiar with the nature and working 
of the incandescent lamp. In the want of proper 
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icnowledge of the most approved way to treat the fine 
carbon filaments, the lighting will either be unsatis- 
factory or costly, by reason of breakages, or even 
expensive by reason of improper pressure in the wires. 
It is a great mistake to suppose that, because a low 
temperature and candle-power of the lamp appears to 
prolong its life, lighting in this way is economical. 
On the contrary, running lamps below their estimated 
candle-power is the most expensive form of lighting, 
even if it be shown that the lamp bill is greatly 
reduced thereby. 

Economical Efficiency. — // is not economical to run 
lamps at a low pressure^ because the light-giving power 
of the lamp varies approximately as the fifth power 
of the pressure at the lamp terminals. This is now 
well known. Those who run their lamps in a poorly- 
incandesced condition are not saving money; they are 
wasting it in coals for the fiimace. But high pressure 
shortens the life of the lamp. There will, therefore, 
obviously be a balancing-point at which the cost of 
lamp-renewals and that of electricity will have a 
certain paying ratio to each other. As lamps are now 
sold it has been proved that the most economical 
efficiency is attained when the cost of lamp-renewals 
is about 15 per cent, of the cost of the entire lighting. 
If the cost of lamp-renewals is less than 15 per cent, 
of the whole, then the pressure of electricity in the 
mains is too low. If it is more than 15 per cent., the 
pressure is too high. If cheaper lamps were procur- 
able, it is clear that the cost of renewing broken 
lamps would be much less than this. Hence it is 
clear that it does not pay to run lamps at so low a 
candle-power that they last beyond a certain number 
of hours. If a lamp burn 5,000 hours, a somewhat 
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rare "life," it is more than probable that it has cost 
its owner five times its value, and that it would 
probably have been cheaper to have run its life out 
in a fifth of the time, and purchase four new lamps. 

Blackening of the Lamps. — ^The carbon vapour 
thrown oflF by the filament in its gradual destruction 
is deposited upon the interior of the bulb. Thus, 
after a few hundred hours, the glass is liable to assume 
a smoked appearance. Nothing tends more to reduce 
the light-giving power of the lamp than this partial 
opacity. When it has attained a certain density it 
is better to discard the lamp than to continue running 
it. At present this defect of the inc^^ndescent lamp 
cannot be overcome. 

The Fragile Nature of the Lamp. — The light- giving 
filament is merely a fine thread or wire of hard 
graphite, a substance very similar to the carbon of 
gas retorts. It is made from various substances that 
can be carbonised to the graphite state. Cotton 
thread, treated with sulphuric acid, and afterwards 
carbonised in a retort, is extensively used. The fila- 
ment forms merely a highly-resisting electrical con- 
ductor, which is easily made white hot by the 
passage of a small current. The higher its resistance 
the more economical it becomes. The average 
diameter of a series of common filaments was 
ascertained to be 0*150 of a millimetre. Its resistance 
varies when hot from 150 to 170 ohms, but when 
cold, it is much greater — in fact, nearly double. The 
filament, although possessing considerable resiliency, 
is easily broken, and a sudden jar may cause it to 
snap off at one of the platinum wires. The wires are 
of platinum, because that metal has a ratio of expan- 
sion and contraction nearly the same as glass, so that 
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the immission of air is thereby prevented. The 
bulbs, in the process of manufacture, are exhausted 
of air to a very high degree. Indeed, the vacuum in 
one of these bulbs is more perfect than any vacuum 
ever made by man before the advent of incandescent 
lamps. If air were to enter the globe the filament, 
J when incandescent, would immediately combine with 
the oxygen, and would be consumed. 

Current required by the Lamps. — The current varies 
according to the description of the lamp. An elec- 
trical horse-power consists of 746 units, called watts 
(volt-ampferes). An average 16 candle-power lamp 
will take from 3*5 to 4 watts per candle-power, or 
from 56 to 64 watts. In this way from eleven to 
twelve of such lamps could be maintained by an elec- 
trical horse-power. An average 16 candle-power 
lamp, constructed to work upon a lOO-volt circuit, will 
take a current of about o*6 ampere. A similar lamp, 
capable of working upon a 50- volt circuit, being of 
much lower resistance, will require a current of one 
ampere or more. It is usual to allow the above 
currents for such lamps in getting out quantities for 
an installation. 

The lamps in general use are no volt 64 watt, 
100 volt 64 watt, 60 volt 60 watt, and 45 volt 6 watt 
lamps. A lOO-volt lamp, if inserted across a 50-volt 
circuit, would not be lighted up. A 5p-Volt lamp, 
put upon a 1 00- volt circuit, would be quickly con- 
sumed. But if two 50-voltJamps be put in se^ies^ 
updn a 1 00- volt circuit, they will perform satisfac- 
torily. If one of these should fail, however, the con- 
nection will be broken, and the other lamp will be 
extinguished. Hence it is clear that 50-volt lamps 
cannot be satisfactorily burned upon any but a '50- 

P 
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volt circuit, nor can a loo-volt lamp be used upon 
a circuit conveying smaller or greater electro-motive 
force than that for which it was designed. It is well 
to remember that the light-giving power of the lamp 
is more than in proportion to the pressure expended 
upon it. Thus, the lamp at 90 volts might only be 
red-hot, but by an additional 10 volts pressure, it is 
fully incandesced. A slight fall or rise of pressure 
affects the light enormously. When a lamp is being 
served with too high a pressure, it acquires a bluish 
tint, and soon after breaks. 

Volts and Current of the Incandescent Lamps. 
2} c.p. from about 5 volts & 1*75 amperes to aboat 25 volts & '4 amperes. 
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Lamps of similar voltage, irrespective of their 
candle-powers, may be run together in one circuit. 
Lamps taking less than 0*9 ampere are estimated to 
require 4 watts per candle-power, and lamps taking 
more than '9 amperes are estimated to require 3 '5 
watts per candle. 

Ordinary Incandescent Lamps. — ^These consist of a 
pear-shaped bulb of clear glass, with either an Edison 
filament in the shape of a U, or a Swan filament 
forming a coil of a single complete turn. The latter 
is becoming the more common. The size of the bulb 
varies from 3 by 2 inches upwards. These are too 
well known to call for particular description. 
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Series Lamps. — Series running of lamps is rather 
rare. It is fall of difficulties when several lamps are 
run together ; but, in many cases, two or three lamps 
are put in series when there are a number of others, 
working in parallel with them. The certainty of 
extinguishment upon 
the breakage of one 
of the lamps is so 
troublesome, that, as 
a rule, not more than 
two lamps are run in 
series. The system 
is extremely econo- 
mical. The " Edi- 
swan " lamps for 
series work have 
heavy filaments, and 
carry a current of 6'8 
amperes for all sizes, 
from 1 6 c,p. up to 50 
c.p. Still thickerfila- 
ments are produced 
by the same makers, 
taking 10 amperes. 
The filament is short, 
and of lowresistance. 

Ship's Side-Ltght 
Lamps. — The steam- 

, . , . Us. 40.— Twin FUuncDt Side Lamp. 

mg lights are pro- 

bably the most important in the ship. When or- 
dinary oil lamps are used the lantern is generally 
famished with a lat^e red or green glass lens or 
bull's eye. This can be done when the light is at 
one point, but when incandescent lights are employed 
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the filament and light are usually elongated, and a 
lens would be useless. Hence it is the common 
practice to have the side-light lanterns with a plain 
glass front only. When incandescent lamps were first 
used for navigating purposes, they sometimes gave 
trouble by the breakage of the filament. Then the 
side light would go out and remain extinguished for 
some time perhaps without its attracting attention. 
This led to the employment of two of the lamps 
within the lantern connected 
in parallel to each other. This 
system worked very satisfac- 
torily. But of late it has been 
improved upon by the intro- 
duction of the 

Twifi'Filameni Side-Lajnp, 
— This type of lamp is depicted 
in Fig. 49. It consists of two 
distinct filaments connected to 
one pair of terminals in parallel. 
The connection to the platinum 

Fig. so.— Sriral Foctu Lamp. . _r .. ^l ^ i-i 

IS so perfect that there is no 
danger of rupture, and the filaments themselves are 
strong enough to withstand rough usage. If one 
of the filaments should fail the other will continue 
the light. These lamps are hung in a lantern, 
having a plain glass (either red or green) fii^nt, and 
are a very great improvement upon the old oil 
lamp. They are usually of either 25 or 50 c.p., the 
latter being preferred by large steamers.* 
Focus Side-Light. — The focus side-lamp is, how- 

■ In thicic weather a powerful light is required, and it is a comnion 
practice to provide in the lantern two lamps, one or both of which may be 
used, as required. In fine, dark weather a moderate light is preferred bj' 
officers on the bridge, 
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ever, so strongly in favour with some mariners, that 
objection is sometimes taken to lanterns not so pro- 
vided. This is met by the focus incandescent lamp, 
depicted in Fig. 50. We have here an ordinary 25 or 
50 c.p. lamp, the filament of which is coiled up into a 
volute. This concentrates the light to a very small 
area, and, as it is circular, it is undoubtedly superior 
to oil flames for distributing the light through the 



lens. A still later form of the lamp, which can be 
procured in any required candle-power is exhibited in 
the two views given in Fig. 51. The first shows the 
front of the lamp, and the second the edge view. 
Doubtless this lamp could be made with two spirals 
in parallel, as in the case of the twin filament lamp 
described above, an advantage that would obviate 
the necessity of employing two lamps in one lantern. 
The advantage of the circular bulb lamp is that it can 
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be used in an ordinary oil lantern, without any pre- 
paration except that required to introduce the insu- 
lated leading wire. The return is sometimes made 
through the body of the lantern, when that is in 
metallic contact with the ship. If not, it is usual to 
bring a twin wire to the lantern, one of which forms 
the lead and the other the return. The connections 
of these lanterns are treated at great length further on. 
Incandescent Lamp Holders. — It will readily be 
understood that, since the socket or holder of the 
electric lamp is required not only to support it 
mechanically, but to connect it electrically, the con- 
struction of such an arrangement calls for some in- 
genuity and good judgment. What is required 
aboard ship is a holder into which the lamp may be 
put with ease and certainty, and which will support 
it against all vibration, and at the same time afford a 
perfect electrical connection. This is by no means 
so simple a matter as may at first appear* A great 
many forms of holders have been tried during the 
ten years that incandescent lamps have been used 
in ship lighting. Many of them were good, but the 
majority failed chiefly in the provision of a really 
good electrical connection. 

Figs. 52 and 53 represent the latest outcome of the 
endeavours to fully meet the requirements of ship 
lighting in the above respects. Here are depicted, 
in the former, a full-sized holder for a 16 c.p. lamp. 
It has a plain exterior appearance, with a gap for the 
bayonet joint of the lamp, cut from its edge. In the 
figure are exhibited the interior spring plunger elec- 
trical connections. This portion is fitted within the 
holder, which is represented in section, in Fig. 52. 
One only of the spring pistons is shown here. It 
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consists of a brass cylinder, e^ attached to an insu- 
lating disk, dy projecting from which is a lug, having 
a set-screw for receiving the wire connection. Within 
the cylinder there is a spiral spring, gy of five turns. 
The piston is furnished with an enlarged flat head, so 
that it is prevented from falling out of the cylinder. 
The spring keeps the little plunger in the " out " 
position shown. The other cylinder and plunger 
are of the same construction. They are attached to 
an ebonite or steatite round base, «, which fits into the 





Fig. 52. — Ediswan Lamp Holder- 
Section. 



Fig. 53.— Holder— The Spring 
Contacts. 



holder, the whole being secured by a screw gland, 3, 
shown in section. When the lamp is put into the 
holder, its electrical connections touch the two 
spring plungers, which are pressed back by the lamp, 
when it is locked in the bayonet joint. The spring 
plungers keep up a tight contact, without in any way 
imposing strain upon the lamp itself. These holders 
are intended to receive the ordinary brass collar 
lamps, having one or two projecting joint-pins. 

Holder for the Loop Lamps. — The brass collar 
adds somewhat to the expense of the lamp, and this 
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fact maintains in favour the plain bottom-loop lamps. 
These require a special holder, a. Fig. 54, having 
hooks, b b,to take the loops, and a spring to main- 
tain the contact. This pattern is excellently adapted 




Fie. 51-— I-wp Lamp Holda. Fig. SS.— Wall Connsctioa fur Lamp. 

for ships' use, being calculated to absorb the vibration, 
otherwise so destructive to slender glass work. 

Plug or Wall Terminal for Portable Lamp. — ^The 
usual form of these is represented in Fig. 55. The 
most useful and safe form, however, for store-rooms 
and other ship purposes, is shown in 
Fig. 56, in which tlie plug, being 
large, carries a cut-out fuse, a very- 
necessary precaution , because flexible 
leads are a source of much trouble, 
! and by chafing into contact frequently 
""'■ cause a fire. 

Plug for Cargo Lantern Cable,— Th\% arrangement 
is similar to the previous figure, and consists of two 
contact holes, for split plugs or screw plugs, kept well 
apart, and a switch for turning off the current. The 
plug should always carry a cut-out adapted to the 
current taken by the lamps. 
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Portable Lead Socket for Collar Lamp Fixture. — It 

is very convenient to possess a means 
of fixing a portable lamp lead to any 
lamp socket near. This can be done by 
means of the adapter represented in 
Figr« 57> which may be quickly put on 

Fig. 57.-Portablo ^1 tC A • x .-• 

Connector for Collar or taken OH. A conveuient connection 

£#a]np Fixture. /• n « • ^ • -r^* #» 

for a collar lamp is shown m Fig. 58, 
which allows of the lamp being 
removed without [disturbing the 
wall contact. 

Single Lamp Cut-out. — It is 
usual to provide each isolated 
lamp with a small cut-out ar- 
rangement. When two or more 
lamps are attached to one elec- 
trolier, one central cut-out may 
be made to serve for all. The 
single cut-outs are generally in 
the form of ceiling plates, or wall 
plates. The base for the lamp 
and the cut-out are thus made in 
one part, which is a very con- 
venient arrangement. 




Fig. 58.— Wall Connection for 
receiving a Collar Lamp. 




Fig. 59.— Branch or Lamp Cnt-out. 



In Fig. 59 is repre- 
sented one of the 
Ediswan ceiling 
plates, carrying its 
own cut-out, of the 
latest form. It con- 
sists of a slate or 
porcelain base, 
pierced with holes 
for carrying the 
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wires from behind, and with screw>holes for attaching. 
The face of the base, a, carries two gun-metal blocks, 
6 b, across which the fiise-wire, c, is fixed. A third 
block carries screws for the branch-wire and the 
lamp connection. Over all is placed a domed cover, 
fastened down with two thumb-nuts. This dome 
carries a screwed nozzle for the lamp connections. 

Incandescent Lamp for Horizontal Position. — Many 
parts aboard ship can be more effectively illumi- 
nated by a horizontal lamp than by a vertical one. 
It is well known that the ordinary lamps are apt to 
have bent filaments if placed horizontally. The fila-> 
ments are in fact too slender for the purpose. A 



Fig. 60.— Lamp for Hoiiiontal PontioD. 

thicker filament answers the purpose, but it must be 
inordinately long to present sufficient resistance for 
high voltage circuits. The difficulty is well met 
in the construction of a lamp for horizontal running, 
lately brought out by Edison and Swan. This con- 
sists of two thick filaments connected in series within 
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the lamp. Thus the current flows first through one 
filament, and then through the other, forming vir- 
tually a long filament connected to supports in the 
middle. The two filaments are, however, separate 
and separately mounted. 

Binnacle or Compass Lamps, — ^These are now ex- 
tensively used in the best class of steamers, where 
they have entirely superseded the old oil lamp. 
When electric lamps were first tried for compass 
lighting, it was found that the current had an appre- 
ciable effect upon the needle of the instrument. A 
.perfectly parallel, or preferably, a twisted arrange- 
ment of the conductors conveying the current to the 
lamp, served to modify the effect somewhat, but it was 
some time before it was discovered that the inductive 
effect remaining was due to the current in the fila- 
ment of the lamp itself. 

The usual arrangement of lamp is depicted in 
Fig. 6 1. It is not perfect, and has an appreciable 
effect upon the needle. It is, however, used exten- 
sively for bridge compasses, but not for the wheel- 
house instrument. It consists of a metallic box a, 
containing the lamp by showing through a glass ^, 
the conductors being brought up through a tube, d. 
The best position yet attained is shown in Fig. 
62, in which the lamp is placed on the axis of the 
compass needle, that is, vertically above it. The 
connecting wires, twisted together, are brought down 
from an overhead branch as represented. This method 
is used now for the wheel-house compasses of various 
large vessels. 

Switch and Socket combined. — These are not so 
common as formerly. They consist of a small switch, 
moved by a projecting piece, after the manner of a 
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gas-tap. The whole is fitted within the confined 
space of the socket. For this reason, doubtless, the 
switch-holders are disliked by electricians, because 
they are too small to be made as thoroughly and as 
perfectly as can be done in a larger area, separate 
from the lamp itself. It is also more convenient to 
switch lamps oflf at some point in a room not occupied 
by the lamp. Holder switches are, however, very 




Fig. 6z.-- Bridges Compass Light. 

useful for single lamps in some cases, and also for 
portable lamps. 

500 and 1,000 Candle-Power Cargo Lamps. — In Fig. 
63, p. 222y is depicted one of the high candle-power 
lamps now coming into use for loading and unloading 
purposes. The filaments are all arranged in parallel. 
The advantage of this arrangement is that if one 
filament breaks the others are not affected. The 
lamp may thus last for an indefinite time. The fila- 
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ments are arranged in a circle. The platinum con- 







Fig. 62.~Steering Compass Light. 



nections running through the glass are subdivided 
to get rid of the heat given off, and to give a more 
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perfect ratio of expansion between glass and pla- 
tinum. The loops outside are engaged by lugs, to 
which the conducting wires are soldered. But sol- 



^K- ^3' — $00 and 1,000 cp^ X-aiap_fi>r_Cargo Puipoia. 

dering alone must not be depended upon to support 
the lamp, because the heat set up may soften the 
solder. 
Jt is thus better to pass the cable through the lug, 
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and solder in addition. Considerable heat is given 
off by the necks of such lamps, and brass collars 
attached by plaster in the usual way are not admis- 
sible. The loose collar shown in the figure supports 
the wire netting, which serves to catch the glass in 
the event of breakage. 

Cargo Lantern. — Fig. 64 represents the kind of 
reflector found most generally useful for cargo lan- 
terns. It is made usually in white-enamelled iron, 
but in many cases is merely painted within. There 



Cb 
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Fig. 64.— Cargo Lantern Reflector. 

should be a means of egress for the heated air arising 
from the lamp or lamps, so as to assist in keeping 
the arrangement cool. At the top there is a ring 
for the suspension, and at either side rings for gfuy- 
ropes. 

These lanterns are sometimes furnished with a 
group of 16 candle-power lamps, instead of a single 
lamp of high candle-power. The group is much 
more troublesome to wire. The lamps are all in 
parallel. A single 200 or 500 candle-power lamp is 
much better adapted to the work, but may be shown 
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to be more expensive in respect of renewal than a 
group of smaller and cheaper lamps. The same kind 
of cargo reflector as the above is used for the amid- 
ships overhead light now employed, in accordance 
with the rules of the Suez Canal Company, in passing 
through the canal by night. 

Upper-Deck Reflector. — For the illumination of 
upper decks nothing is so eflFective as a large over- 
head incandescent lamp under a suitable reflector. 
The latter should be so curved as to diffuse the light 




Fig. 65.— Deck Lantern. 

over a large area. This kind of arrangement is 
clearly depicted in Fig. 65, wherein is shown the 
reflector fitted to the upper part of the lamp holder, 
where it is retained by a screw flange. The lamp 
itself is surrounded by an envelope of nearly U 
shape, of thin glass, made wide enough to be quite 
clear of the heat sent out by the lamp. The brim of 
this outer glass fits into three or more clips within 
the reflector, and is held by screws there as repre- 
sented. A light lantern of this kind may be sus- 
pended by the cable supplying the current, a special 
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attachment being arranged to relieve the extremities 
of the weight* In order to prevent too great swaying, 
^ gfuy-rope or cord should be attached to the edge 
of the reflector. 

Bow-Spring Stde-Contact Holder. — This holder is 
used for 1 6 candle-power lamps. The arrangement is 
shown in Fig. 66, 

Adapter. — It is very convenient to possess a means 
for using loop lamps with the ordinary collar lamp 
holders. This can be done with the little adapter 






Fig. 66. — Adapter for Fig. 67.— Connection! for Fig. 68.— Acorn Holder 
Loop Lamp. Collar Lamp Fixture. with Cross Loops. 



shown in Fig. 67. A somewhat similar adapter, 
intended for use with the Edison screw-holder, is 
depicted in Fig. 68. 

Incandescent Lamps subject to vibration can be run 
with safety if fitted in the style of holder already de- 
scribed at page 215. Stateroom fittings are generally 
of plain, substantial pattern. Two forms of cabin 
brackets are shown in Figs. 69 and 70. 

Ordinary Lamp Brackets. — ^We cannot in the space 
at our disposal attempt a description of the fittings 
used in cabins and saloons of ships. They differ 

Q 
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In no substantial way from house-fittings, unless it 
be that they are necessarily made more strongly, and, 
perhaps, with less pretence to ornamental effect. 




Fig. 69.-Cabln Brick. 



But with regard to the special fittings lately de- 
veloped entirely for ship purposes, it appears advis- 




BDlkhMd Fig. 71.— Tline-wa; Bulkbcad 

Fittrnj. 

able to mention the more peculiar of these, and the 

purposes for which they have been specially designed. 

Bulkhead Fitting for Incandescent Lamp. — Bulkhead 

lamps are a class apart. Fig. 71 represents a bulk- 
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head fitting casting light upon either side of the 
division. One of the glasses is clear ; 
the other obscured. The fitting is fur- 
nished with a door capable of being 
locked with a key. Fig. 72 shows the 
same kind of fitting, but adapted for 
casting the light in three directions. 
The front glass is clear, the other two |\ 
obscured. To accommodate these fit- 
tings, spaces are left in the bulkhead, 
and the fitting is attached with screws. 
Oyster Fitting. — There are cases, how- 
ever, when the bulkheads are intended Fie. 73.— Bulkhead 

' Oyster Fitting, 

to be water-tight, and cannot be pierced. guarded. 
These are met by a very compact form of lantern, 
called the oyster fitting, which is shown in Fig. 73. 
The glass is covered by a guard of 
wires in positions, such as stoke- 
holes and engine-rooms, when the 
lamps are liable to damage. But 
the oyster fitting, without the guard, 
is much used for cabins. The door, 
carrying the glass, is made to swing 
upon a hinge. The oyster fitting is 
also used for a two-way lamp, as 
shown in Fig. 74. 

Roof-lamps. — These are made in 
two leading forms. Fig. 75 repre- 
sents the usual roof pendant, which 
may or may not be surrounded by a 
guard, for use in stoke-holes. For 
the latter purpose it is made so that 
it maybe easily removed from its ^^^ste?Ffttingl" 
plate, ay during coaling or when liable to injury. A 
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white reflector, i, furnished above, serves to diffuse 
the light. When the lamp is removed for this purpose 
a metallic cap, shown in Fig. 76, is used to cover tiie 
exposed terminals. 

Engine-room Hand-lamp. — Engine-room lamps, 
capable of being carried about over a certain area. 




are much used. Fig. 77 represents a useful form, 
well guarded. A long, flexible leading-cable is 
attached to the lamp, conveying the current from an 
adjacent wall stud. A smaller portable lamp. Fig. 
78, is adapted for hooking to any convenient holder, 
and is frequently used in the interior of boilers. It 
consists of a holder, a, through which the wire, b. 
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leads. The upper casing has a reflector back, and 
contains the incandescent lamp, a This form is 
generally of miniature dimensions. 
Lamp Clusfers.--Chxsters of from three to twenty 




Fij?. 79* — Three Lamp Cluster and Shade. 1 

lamps are frequently used, the larger number especi- 
ally for cargo purposes. The wiring of such work 
demands particular care. Referring to Fig. 79, a 
tube, a, ends in a brass globe, d, and carrying the 
two feeders, c. Particular care is necessary in making 
the branches within 6, so that there shall be no 
chance of short-circuit ; such clusters are troublesome 
aboard ship. 



CHAPTER VIII. 

CONDUCTIVITY AND INSULATION TESTING. 

The source of electricity used for taking the tests 
of conductivity and insulation is very often much too 
weak. This is especially true of the insulation 
testing as usually conducted. It was formerly con- 
sidered sufficient to test the insulation resistance by 
means of the current from a pair of Leclanch^ cells. 
Circuits that showed a high insulation resistance 
under these conditions would frequently break down 
when the electric-lighting pressure of lOO volts was 
turned on to them. The reason is not by any means 
obscure. Insulation-testing should be conducted by 
the aid of a current of at least as high a potential 
as the working current. Faults that will become 
apparent under these conditions would pass the 
weaker tests easily. 

Hitherto the tests have been generally made with 
a Wheatstone's bridge and a voltaic current, but an 
improvement has recently been made in testing sets 
by Mr. Evershed, who has brought out a small port- 
able magneto-electric machine, capable of giving a 
pressure of over lOO volts when turned by hand at 
a moderate speed. This is the source of electricity. 
It is fitted into a small portable case. The resistance- 
measuring instrument consists of an Evershed ohm- 
meter of simple construction. This instrument is 
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also portable, and permits of the insulation-resistance 
df a circuit being read off at once upon the dial. 
Hence, by the aid of this set it will be an easy matter 
for an untrained person to test the insulation. This, 
in itself, is of considerable advantage, which will no 
doubt be appreciated by those who have worked for 
years with the Wheatstone bridge.. The ordinary 
wireman may be entrusted to take tests, and furnish 
reports of them to his chief before the circuits are 
covered in, so that weak points may be detected. 
The same set may be used for the conductivity tests, 
but these may, as hitherto, be conducted very well 
by means of a cell or two of the Leclanch^ type, and 
a simple galvanometer. 

The Evershed instrument is used as follows : — 
Place the ohm-meter in a fairly level position, not 
less than i8 inches from the generator, and see that 
the index comes to rest at some point on the scale, 
near the "IN F," so that the effect of any want of 
balance in the needles may be eliminated. Con- 
nect the -I- terminal of generator to -|- of ohm- 
meter, and the — terminal of generator to — of ohm- 
meter. 

Before connecting on to the mains to be tested, 
turn the generator handle a few turns clock-wise. 
The index should move towards "INF;" if it 
moves towards "O," the connections between the 
ohm-meter and generator are wrong, and must be 
reversed before proceeding with the tests. 

Connect the mains or main and earth, the insula- 
tion of which is to be tested, to the line and earlA 
terminals of the ohm-meter. Turn the handle of the 
generator about 70 turns per minute, and note the read- 
ing of the index. With the switch on the stud marked 
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A ^ • ^ . ,, , Readincf of Index 
A — Resistance m Megohm = ^- • 

With the switch on B— Resistance in Ohms=Read- 
ing of Index x lo^ooo. 

Insulation Resistance Rules. — ^The five insurance 
offices insist upon a high insulation resistance of all 
electric light wiring. They each have their own rule, 
but it may be useful to show the requirements of 
ordinary work, as specified by various authorities. 

General Rule for Ship Lighting Circuits, — Divide 
10,000,000 by the number of lights ; the result should 
be the minimum insulation resistance. 

Phosnix Fire Office Rule, — For installations work- 
ing at 200 volts or under, divide 12*5 megohms by 
the number of lights. The result should be the 
minimum insulation resistance. Double this if the 
current is alternating. 

London Electric Supply Corporation Rule. — 

Up to 25 lamps, 2 meghoms 
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Institute of Electrical Engineers. — Multiply the 
volts by 7,900 and divide by the number of lamps. 
The result should be the insulation resistance in 
ohms. 

Importance of Testing at the Working Voltage. — The 
following figures, due to Mr. Uppenbom, exhibit the 
importance of testing the insulation at a voltage at 
least as high as the working pressure. They also 
show the difference of the resistance at various 
pressures. 
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Volts. 


Meghoms. 
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II. 

Volts. Meghoms. 

5 281 

10 188 

1 6.9 1 84 

27*2 121 

Making the Insulation Tests, — ^These tests should 
be made not only while the ship is being wired, but 
at periodic intervals afterwards. This is of far 
greater importance aboard ship than ashore. It may- 
be pointed out that from the nature of ship wiring 
and the unfavourable conditions under which the 
insulation has to be maintained, the latter is con- 
tintuilly deteriorating. Instances are common in 
which the extensive wiring of large vessels has so 
far broken down that a complete re-wiring of the ship 
had become imperative within a few years of installa- 
tion. This is not due simply to defective work at 
the outset. Its occurrence is rather to be attributed 
to the atmosphere aboard ship ; to changes of tem- 
perature below deck; to ** sweating" of the bulkheads 
and fittings, and to the effects of sea mists and water 
above decks, or in exposed positions. If the reader 
should care to question any attendant of a sea-going 
electrical installation, he will probably be informed 
that the condition of the circuits is never constant. 
There is occasionally great loss of power, heated leads 
occur, cut-outs " go," lamps are destroyed, and there is 
an ever-increasing]difficulty to maintain the insulation 
perfect These occurrences are the more marked 
when the wiring has been done in a second-class 
manner, or when a cheap kind of insulation has been 
selected. If these observations apply forcibly to 
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double wiring, which is somewhat uncommon, they 
apply with increased emphasis to the single-wire 
system, in which the insulation resistance is simply 
halved. 

Insulation tests are taken in two ways. The most 
common is to take each circuit separately. But 
what does and does not constitute a circuit in a 
single-wired ship is a question few can answer. It 
can only be said that since one main breaks into 
numerous forks or branches, the mains must be re- 
garded as the commencement of the circuits, while 
the ship's body, or earth, constitutes the termination. 
According to the other method, the whole of the 
circuits are grouped together, and the resistance over 
all ascertained. This latter method is advocated by 
the fire insurance oflBces, but it is doubtful whether 
it is so useful to the engineer in detecting the weak 
points in the wiring. 

In taking a test of a single circuit all lamps are 
switched off, so that the termini of all the branches 
shall be insulated. The main is then disconnected 
from the chief switch-board. The testing electro- 
motive force is then applied to the main by means of 
a magneto machine, giving a pressure preferably in 
excess of the working pressure. It must be clearly 
understood that the object of the test is to ascertain 
the condition of the insulation. The insulation is 
that which separates or isolates the conductor electri- 
cally from the ship's shell or the earth. If the 
insulating covering of the wires be weak, the test 
will exhibit a low insulation resistance. Since the 
test is intended to ascertain the possibility of estab- 
lishing a circuit between the main wire, its branches, 
and the shell of the ship, it is clear that while the 
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positive pole of the source of electricity is to be 
applied to the main, the negative pole of the source 
is to be applied or connected to the ship's shell. 

Insulation resistance tests should be taken not 
only before the dynamo is turned on, but after it has 
been working upon the circuits for several hours. 
This preliminary working frequently brings out 
weaknesses, and a test showing high resistance at 
the outset may read very differently after the lamps 
have been incandesced for some time. The figures 
obtained should at least attain to those specified in 
the rules already cited. 




Lead 
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Fig, 80. — ^Tbe Issulation Test. 



Simple Insulation Test — Many installations of the 
electric light aboard ship are allowed to commence 
work without any figure relating to the insulation 
resistance having been determined upon. In such 
cases the simple test of merely employing a source of 
electricity and a common galvanometer is generally 
all that . is instituted. One pole of the battery is 
connected to the ship ; the other is connected through 
the galvanometer to the main to be tested. If any 
deflection occurs in the galvanometer it indicates a 
leak or short-circuit. If it is a decided, strong deflection 
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the extremity, it will suffice to merely switch that 
lamp on. If the wiring be on the double principle, 
the last lamp across the leads may be turned on. 
The main is disconnected from the dynamo. A small 
source of electricity (such as a Leclanch^ cell or two) 
has its negative pole put in connection with " ship 
return," and its remaining terminal connected to a 
sensitive galvanometer, this in turn being connected 
to the main. If there is a break in the wire at any 
point, the galvanometer will not deflect. If it deflect 
but feebly, the continuity is probably imperfect owing 
to a bad contact somewhere, or an unclean joint. 
The next shorter branch is examined in turn, and so 
on with all the mains and their branches. These 
tests, if satisfactory, merely prove that there exists 
a metallic path through which the current flows. 

Tests for Crosses or Shorf-Cir cutis. — ^This test is of 
great importance, and it should be conducted with per- 
sistence until the wireman is satisfied that there does 
not exist any short-circuit between any wire and 
any other wire throughout the installation. The 
source of electricity used is frequently very weak. 
This is a great mistake. A feeble electro-motive force 
does not readily detect small faults. The pressure 
should be at least as great as the working pressure. 
In the absence of a magneto-machine, giving a 
pressure of lOO volts, the dynamo itself may be 
utilised as a source of pressure. Insulate the whole 
of the leads and branches by switching oflF all lamps. 
Let the negative terminal of the dynamo be kept 
connected to ship return. Connect the galvanometer 
to ship and to the first lead. Group all the remain- 
ing roots of mains together, and connect the positive 
pole of the dynamo to the group. Provided the 
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dynamo is excited, which maybe ascertained by the aid 
of the voltmeter, any cross connection will at ,once 
be shown upon closing the circuit. The main is now 
to be insulated and grouped with the others, a fresh 
one being taken and tested in the same way, until 
every one of the mains has been compared against 
all the others. If no deflection of the galvanometer 
be obtained the inference is that the wiring is free 
from short-circuits at the working pressure. If a 
deflection be obtained the mains are to be dis- 
connected from the group one by one until the needle 
falls back, exhibiting between which main and the 




Fig. 82.— Voltmeter Test for Leakage between Leads. 

one under test the cross occurs. This arrangement is 
represented in Fig. 82. 

The Lamp Test for Earth Leakage. — In the case ot 
the ordinary wiring, laid carefully in casings, the 
most troublesome leakages that occur are leaks to 
earth. In single wiring it is only necessary that 
there should be a leak to earth to set up a loss of 
current ; but in the case of double wiring, a fault 
admitting of a leak to earth does not necessarily 
imply a leak. Provided the dynamo be well insulated 
from the ship, one fault of this kind cannot per se set 
up a leak. It requires the assistance of another leak 
upon a return wire to insure a loss of current. It 
will thus be clear that the system of single wiring is 
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at least open to the objection that leaks are much 
more liable to occur than in the case of the double 
system. 

The most useful detector of earth leaks on the 
double system is the earth lamp, a device that may 
be employed to inform the attendant of the most 
incipient fault, as well as the detection of con- 
siderable leaks. The use of earth lamps is a device 
by no means new, but it is so seldom employed in 
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Fig. 83.— Earth Lamp Test for Leakage. 

an efficient manner that a minute description of the 
best arrangement of them for ship work may prove 
useful to the reader. Two lamps of the voltage of the 
circuit are fixed in a convenient position close to- 
gether. A wire is taken from lamp +, Fig. 83, to 
the leading main to be tested, and another wire is 
taken^ from — to the return main. The remaining 
wires from the two lamps are taken to a switch of 
the construction shown, which is designed. to put the 
Jamps in series with each other, and to put their 
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junction wire to earth, and also to put either lamp 
to earth as desired. 

If the right lever of the switch be moved to the 
left the lamps will be in series. They will bum 
almost equally bright, but will obviously be only in a 
half incandesced condition. If, now, the left lever be 
moved to the right, the connecting wire between the 
lamps wiU be put to earth. If there should exist a 
leaky the relative candle-powers of the lamps will be 
disturbed, and one of them will bum more brightly 
than the other. This would occur if a leak existed 
from the leading wire to earth, because lamp and 
the leading wire will be in parallel. Hence a greater 
current will pass through one than the other, and they 
will bum with diflferent eflfects, dependent upon the 
magnitude of the leak. If — should brighten up 
upon shifting the right-hand lever, it will indicate 
that there is a leak upon the return wire. The extent 
of the leak will, to a certain degree, be indicated by 
the relative brightness of the lamps. Although the 
earth lamp test is useful in manifesting the exist- 
ence of a leak, it is of no assistance, as described, in 
locating its position. 

Location of the Leak. — ^A single earth lamp is, 
however, very generally used to discover the exact 
branch in which the leak occurs. A lamp furnished 
with a flexible pair of conductors is taken. One of 
these is to make connection to the ship itself> the 
other to the main or branch to be tested. Beginning 
at the main switch-board, a connection is made to 
each main until the faulty one is indicated by the 
incandescence of the lamp. This main is now to be 
followed up, and a connection made at the first 
switch, which is opened for the purpose, breaking the 
circuit, or cut-out upon it. 
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If the lamp now fail to bum it will be clear that 
the leak exists between the switch-board and the first 
cut-out. Each succeeding cut-out or switch is tested 
in the same way until the lamp fails to bum when 
connected to the disconnected end of the wire sus- 
pected. The first failure of the lamp to light up 
indicates that the leak is upon the section just 
passed. 

Leaks of less than half an Ampere, — ^These cannot 
so readily be detected by a lamp, and a galvanometer 
will in such cases be found more useful. It is em- 
ployed in the same way as the lamp, a deflection of 
the needle taking the place of the incandescence oi 
the latter. 

Permanent Earth Lamps. — ^When the double-wire 
system is used, it is a common practice to keep one 
lamp connected to the ship, and also with its other 
pole connected to every leading main upon the 
switch-board. This lamp is kept well in view, and 
the occurrence of any leak is at once observed by its 
incandescence. A similar lamp is connected to the 
return mains. When a leak occurs, each main con- 
nection is cast oflF singly until the lamp ceases to 
bum, thus indicating the pcirticular main in which the 
leak exists. 

Exact Location of the Leak. — The earth lamp is of no 
assistance beyond showing in which branch the leak 
occurs, and between which two switches it lies. To 
locate it more exactly, it may be necessary to care- 
fully trace the wire-casing, placing the hand upon it 
to ascertain whether there is a hot place therein. 
Damp or wet may generally be detected by the eye 
from outside evidence. 

When a portion of casing is suspected, it should 

R 



242 CONDUCTIVITY AND INSULATION TESTING. 

be removed, and the wire within examined. The 
most troublesome faults of the double-wire system 
are those leaks or short-circuits that occur from lead 
to return in the same casing. These are almost 
invariably due to damp. But sometimes an accident 
may occur, as the driving of a nail into the casing, 
causing a very bad short-circuit. It will readily be 
seen, in view of the detection of leaks, how necessary 
it is to place casings in accessible positions. 

Voltmeter Test for Earth Leakage, — When the resis- 
tance of the voltmeter is known, a leakage to earth 
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Fig. 84.— Voltmeter Test for Leakage. 



may be detected by calculation. The amperemeter 
is put in the circuit as usual. The lamps are 
switched on. The voltmeter is connected across 
from the return wire to the ship or earth. Then by 
Ohm's law, noting the volts shown by the latter : 



E 
R 



= C. 



The current c, shown by the amperemeter, and 
that, Cy due to leakage, should be noted ; then : 



c 

— = K, 

c ^ 
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K being a constant representing the insulation resis- 
tance. The arrangement is shown in Fig. 84. 

Single- Wiring System Tests. — Tests for leakage in 
the single - wiring system are few in number and 
generally unsatisfactory. If the farther ends of the 
branches be insulated and all lamps turned off, no 
current should be indicated by the amperemeter when 
the dynamo is running, if there is no leakage. A 
more delicate test is obtained by switching off the 
dynamo, and putting a magneto-machine giving 100 
volts in its place, using a delicate galvanometer in 
place of the amperemeter. A very slight leakage 
can be detected in this way. This is really an 
insulation test application to one wire. So long as 
the insulation test of the single-wiring system is 
satisfactory, other tests may generally be dispensed 
with, except it be an occasional test of the conductor 
resistance. The latter test is carried out by the aid 
of a Wheatstone's bridge and set of resistances, 
after the manner fully set forth in the author's work 
on Electric Light Fitting y p. 78. 

Comparison 0/ Fall 0/ Potential Resistance Test. — The 
following simple method of taking a resistance measure- 
ment of a circuit has been found very useful by ship's 
electricians, as it affords a means of periodically test- 
ing the integrity of the circuit and discovering faults 
in the connections or contacts at switches and cut- 
outs. Procure a wire measuring one-hundredth of an 
ohm, and another wire of rather over one hundred 
ohms. Connect them in series with a source of 
electricity giving a few amperes of current. Make 
ship contact with the remaining pole of the electric 
source. Make ship contact at the far end of the 
leading wire (all lamps being off). For the measure- 
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ment use a reflecting galvanometer. Connect the 
terminals of the galvanometer with the two extremities 
of the hundredth-ohm coil. Note the deflection. The 
comparison is got by making connection with the 
galvanometer to the two extremities of the circuit. 
Note the deflection in this case also. These deflections 
are strictly proportional to the fall of potential in the 
two cases, and the resistance in ohms of the circuit is 
at once ascertained. 

In order to insure against uncertainty of reading, 
it is necessary to restrict the current flowing to the 
smallest that will be practicable to give a deflection 
upon the galvanometer. This is effected by means 
of the lOo ohm resistance, which, being in series with 
the source of electricity and the circuit, acts as an 
impedance or choking coil to that extent. 

The above method may be made very useful in as- 
certaining, in a simple manner, the resistances of short 
lengths of cable, or of coils. It is especially useful 
in the work of testing d5mamos for short-circuits, 
especially in respect of the armature coils, a method 
which is particularly described in the author's Electric 
Light Fittingj p. 74. 

Test for the Working Resistance. — ^The resistance of 
a parallel system of electric lighting is strictly a 
divided resistance, of which the component parts are 
the leading wires, the lamps and the return part of 
the circuit. The resistance of such a system when 
cold is enormous, chiefly due to the carbons of the 
lamps. But when working, the resistance falls very 
considerably. The greater the number of lamps, the 
greater the number of paths there are for the passage 
of the current, and the smaller the resistance — ^the 
resistance is inversely as the number of lamps, nearly. 
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If the resistance of one lamp be known, the resistance 
in circuit (neglecting the leading wires) is easily ascer- 
tained by the rule 

Resistance of a single lamp, incandesced. 

Number of lamps in parallel circuit. 

By Ohm's law the resistance may be ascertained 
by the aid of the volt and amperemeter, while the 
circuit is working. Connect the voltmeter near to 
the dynamo, in parallel — ^that is, across — ^from lead to 

^/nphre meter 

<D 




Fig. 85.— Working'Resistance.Test. 

return. Connect the amperemeter in circuit upon the 
leading wire ; then, having noted the readings of both 
instruments, and calling current C, volts E, and resist- 
ance R — 

E 

"c" 



= R. 



The connections are outlined in Fig. 85. . 

But it is not always that these tests are satisfactory, 
owing to fluctuations in the current and want of 
care in making the test. It is advisable to repeat the 
test at intervals and from this deduce an average. 
At best this test is only, practically, an interesting 
one ; since it is plain, from the nature of the incan- 
descent lamp, that its resistance cannot be two days 
alike — it is in fact a resistance that is constantly 
becoming greater until the lamp breaks. 
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The above facts render clear the reason for the 
seemingly strange behaviour of series-wound dynamos, 
in the early days of electric lighting, which, while they 
had power enough apparently to light up fifty lamps, 
were seemingly powerless to light five or even one. The 
current that would pass a small number of lamps was 
insufficient to excite the magnets of the machine. 
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CHAPTER IX, 

ACCUMULATORS IN SHIP- LIGHTING. 

The storage of electricity is useful in two specific 
ways : ist, it becomes valuable when the d}niamo has 
to be stopped for any reason, as want of steam or by 
accident, and it enables the lighting of the few 
^^ all night " lamps to be maintained when it would 
be a comparatively costly process to maintain the 
d3mamo in motion. These conditions are of frequent 
occurrence on board the smaller craft, and especially 
in the case of yachts. 2nd, the accumulator is 
almost indispensable as a regulator in cases where 
the dynamo is moved by the main engines of the 
vessel, or by an indifferent independent engine. 

Accumulators are, contrary to general belief, 
singularly efficient on board ship. They give little 
or no trouble, and when well arranged are an un- 
questionable advantage. The cells, far from exhibit- 
ing any symptoms of faulty action by reason of the 
motion of the vessel, are undoubtedly kept more fully 
up to their work thereby. The electrolyte, which, 
when kept quite still, is apt to settle down into 
strata of different densities, is so maintained in 
motion at sea as to preserve an uniform specific 
gravity, a condition which not only leads to free 
working, but maintains the electro-motive force and 
internal resistance uniform. 
Material of the C^//y.— This is a question that has 
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been much debated. Accumulators are generally 
placed in glass boxes for land purposes. The main 
reason for this is that the transparent material per- 
mits of the free examination of the plates within, 
and their working condition generally. Those who 
have used accumulators wiU admit that the free 
examination of the interior is an almost essential 
condition of successful working, and for this reason 
glass cells are undoubtedly the best for general pur- 
poses, including ships' use, provided that care be 
taken to so place the cells that they will be protected 
from rough usage. It must not be supposed that an 
accumulator may be stowed away in any kind of dark 
out-of-the-way place. Whether the cells be of glass 
or of less breakable material, the place chosen 
must be clean, cool, well lighted, and dry. These 
conditions are essential, otherwise faults not due to the 
storage system will be continually laid to its charge. 

The use of hard-rolled lead containing cells has 
been very strongly advocated, and no doubt this 
material comes next to glass in point of suitability. 
Ships' accumulators are, indeed, very generally put 
into lead cells, although wood as a containing vessel 
is both cheaper and lighter, and answers fairly well. 

Inclination of the Liquid \n the cell, when the ship 
is rolling, is generally met by fitting the vessels with 
covers. But except under exceptional conditions a 
battery with cells entirely open performs with 
greater satisfaction. The inclination seldom exceeds 
35 degs., and this can easily be met by extra deep 
vessels, so much higher than the plates that the 
latter are not left even partially uncovered at the fall 
inclination. But in the case of both lead and teak 
cells, covers are usually supplied by the makers, 
which renders spilling impossible. The chief reason 
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for examining accumulators through a transparent 
cell is to maintain a watch upon the condition of the 
plates, but more particularly to prevent the lodg- 
ment between the latter of loose plugs of the packing 
material of the plates. These tend to short-circuit 
the cell and otherwise weaken the working. Loose 
pellets may be observed at once within a glass cell, 
and may be dislodged by means of an ebonite stick. 
The same means may be used to ascertain whether 
there are any loose pellets between the plates of a 
lead or teak cell, when the eye cannot detect the 
obstruction. But in the latter case time is lost in 
testing every cell. To meet these conditions the 
celluloid separator y consisting of a perforated plate of 
that material, is coming into general use for pur- 
poses of insulating the plates, in case either of loose 
plugs or distortion by buckling and consequent 
contact. The separators are very useful for ships' 
accumulators, when the battery may be left un- 
attended for long periods. 

Nature of the Accumulator, — ^The secondary battery 
has been so often described that it will be unneces- 
sary to dwell upon its construction and principle of 
action. The plates are lead plates, perforated more 
or less ingeniously, and packed with plugs of minium 
and litharge. The electrolyte is diluted sulphuric 
acid. The electro-motive force of the cell is a trifle 
over 2 volts. 

Most Suitable Electrical Pressure. — In cases where 
accumulators are used, a pressure of some 55 volts 
appears to be the best. Since the accumulator cell 
may be taken to be capable of maintaining 2 volts 
only, 26 cells are required to form the battery re- 
quired in this instance. 50-volt lamps are supposed 
to be employed, with a dynamo capable of giving 
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2*5 volts for every cell to be charged. Thus the 
dynamo must yield a pressure of 78 volts, and it must 
be shunt-wound. In estimating the number of cells 
required, it is usual to divide the voltage of the lamps 
by 2 and to add 2 cells to the total thus found. 
Where loo-volt lamps are used the voltage is to be 
divided by the same number, but three additional 
cells are required to make up for loss of potential in 
leading wires. A battery of 53 cells is rather cum- j 

bersome, and 100- volt lamps are seldom used in such 
cases for this reason . The usual battery consists of 
26 cells intended to work ^-volt lamps. 

Position of the Accumulators, — ^It is advisable to ar- 
range for a separate apartment for the battery, above 
the water line, where daylight may enter, and where 
eflScient ventilation may be arranged for. A strong 
wooden shelf, placed at a height convenient to render 
the connections of the cells accessible, is all that 
is required. The shelf must have a space between 
its back ledge and any ironwork of the ship, to 
permit of ventilation behind the cells. If light 
can be transmitted through the cells, in the case of 
glass boxes, it will prove of great advantage. The 
cells are usually insulated from the shelf beneath 
by oil insulators, in the form of small duplicate cups, 
now supplied with all accumulators. For purposes 
of steadying the cells from above, pitch-pine rails are 
useful, with hard rubber studs inserted where they 
bear against the cells. Shelving for this purpose 
should be built of hard wood, and thoroughly var- 
nished. 

The fittings for receiving the cells should provide 
for the tendency to displacement caused by both 
pitching and rolling of the vessel. If space is avail- 
able, it is an advantage to provide a passage for the 
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attendant behind as well as in front of the cells. 

The whole battery must be kept clean, and its shelf 

and insulators maintained in a perfectly dry condition. 

The position of the accumulators should be well 

screened from any metallic work, as dynamo or 

engine, which might be injured by any possible 

acid spray given off in the process of charging. 

Between glass cells and glass insulator cups, slips of 

wood must be placed to prevent sliding of the glass 

surfaces upon each other. When the battery is to 

be arranged in two tiers, ample space must be left 

between them. 
Before First Charging. — It is essential that on first 

charging the process should be continued for about 

30 hours, without cessation^ The dynamo must be 

tested for a long run for this purpose, so that no 

cause for interruption of charging may occur. 
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The above K cell is the latest improved form in- 
troduced. It is known as the High Discharge tjrpe. 
The normal maximum discharge rate is 8 amperes 
per peroxide or positive plate. For short periods this 
rate may be increased, but at some risk of shortening 
the life of the plates. The capacity of maximum dis- 
charge is about 28 to 36 ampere hours per positive 
plate. At half the rate mentioned as maximum 
above (or a discharge rate equal to that of the older 
" L " type cells), the capacity is about 32 to 42 ampere 
hours per positive plate. Discharge should be con- 
sidered complete when the pressure falls to i 'S$ volts 
per cell. 

Stze of Cell and Number of Lamps. — ^The number of 
cells for any number of 50-volt lamps will, as already 
mentioned, be 26. The size of the cell and the num- 
ber of its plates, as specified above, will depend upon 
the time the current is required to flow from the accu- 
mulator and upon the number of lamps to be main- 
tained. At full discharge the smallest size tabulated 
above will maintain 25 lamps, but it is better to work 
much under maximum discheirge except in emergen- 
cies. The next size will take 33 lamps, the third 
42, and so on, assuming that each lamp requires 
approximately one ampere of current. The smallest 
battery of the K type, 26 cells, occupies with spacing 
about 13 feet of shelving, having a depth of 12 
inches, and the extreme height is only 16 J inches. 
This compact and powerful accumulator is admirably 
adapted for small steamers and yachts. 

Connections of Dynamo and Accumulators. — ^Fig. 86 
will serve to explain the best way in which to arrange 
the connections of the dynamo, current alarm bell, 
switches and accumulator with lamps. It will be seen 
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that the first and last regulating cells may either be kept 
in or cut out during either charging or discharging. 




An amperemeter should be included in the lamp 
circuit, to give notice of the rate of dischsirge, so that 
it may not exceed the maximum. 
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It is usual for the makers of accumulators to colour 
the terminals of the positive (+) plates red and 
those of the negative ( — ) plates black. The plates 
themselves are — ^positives, brown ; negatives, grey. 
The positive and negative terminals above indicated 
are intended to be connected in charging with the 
positive and negative terminals of the d3aiamo. 
Care should be taken in putting the plates in their 
boxes, on setting up the battery. The negatives 
should be set to project equally on either side, in 
order that the positives may be firmly held by the 
rubber plugs or bands. The connections throughout 
the battery of 26 cells are, positive to next cell's nega- 
tive, and so on throughout, leaving a free positive 
at one end and a free negative at the other. 

The Electrolyte. — ^The dilute sulphuric acid must 
be prepared by pouring the acid into soft water, well 
mixed and allowed to cool (not the reverse), until 
the Twaddle hydrometer shows the figure I'lyo. 
The acid should rather more than cover the plates, 
especially if the cell is not provided with a cover. 
It should not be put into the cells until the dynamo 
is ready to be switched on. 

Before connecting the dynamo it is well to test it 
for polarity, in the manner usual in the case of 
accumulators working, as follows : — Place two strips 
of clean sheet lead in a stone jar filled with 
dilute acid. Separate them with a block of wood, 
and connect one to the positive terminal of the 
dynamo. Connect the other to one terminal of an 
incandescent lamp, and the other terminal of the 
lamp to the negative terminal of the dynamo. After 
the dynamo has been running for a few minutes the 
lead plate connected to the positive of the dynamo 
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should become brown, showing that the dynamo is 
giving current in the proper direction. This terminal 
is to be connected to the positive of the accumulator 
battery. 

Charging, — ^The dynamo should run at full capacity, 
charging the cells until the liquid in the cells turns 
milky. On no account should the machine be stopped 
for at least 1 2 hours. The charging should be con- 
tinued until the liquid is milky and the hydrometer 
shows the specific gravity to be 1*195. The specific 
gfravity of the acid drops when first put in the cells, 
and it will not commence to rise for some time after 
charging has begun. The cells should be kept at 
all times as fiilly charged as possible, and never 
allowed to run down beyond three-fourths of the total 
capacity. Before stopping the dynamo, at all times, 
the accumulator must be switched ofiF its circuit. 

In charging, when nearly complete, the acid 
appears to boil; there is therefore a good deal of 
spray given off, which may be checked by glass 
plates placed above the cells, in the case of exposed 
glass boxes. While the accumulator is feeding the 
lamps the specific gravity of the solution will fall in 
direct proportion to] the current drawn off Thus, 
either the hydrometer may be used to test the above 
point, or the small accumulator voltmeter now 
supplied by makers to ascertain the amount taken 
out of the battery. It may be mentioned that as 
there is a good deal of hydrogen given off in charg- 
ing, a naked light should not be taken near the cells 
if the space surrounding them be confined. 

Sulphattng. — ^This troublesome defect in the work- 
ing is due mostly to bad treatment. It consists in 
a coating of white sulphate of lead, which forms on 
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the plates, choking their action. It may be obviated 
in a great degree by the following solution : — ^To a 
quart of strong solution of washing soda add 12 
fluid ounces of sulphuric acid. This should be added 
to the cells in the proportion of i in 25. Sul- 
phating is greatly caused by leaving the battery in 
a discharged condition. Cells that are badly sul- 
phated, when one or two occur in a battery, will 
give a low E.M.F., and also show a low specific 
gravity. They may be brought into working condition 
again by keeping them always charging; thus by revers- 
ing their connections at every change of the main 
switch they will be continuously charged without 
interfering with the other cells, and in a short time 
the sulphate will break away, restoring the cell to 
full power. Cells should be tested occasionally, indi- 
vidually for voltage, specific gravity, and temperature. 
Improved System of using Accumulators, — Messrs. 
Scott and Sisling have recently perfected a new 
system of working when accumulators and dynamos 
are intended to maintain the lighting in parallel to 
each other. They use a special kind of dynamo, 
which combines the advantages of a compound 
machine running at a constant speed with the con- 
venience of accumulators for supply during light 
load and as an auxiliary to the dynamo. The 
special machine has two commutators, which are 
connected in series to give the voltage required for 
charging. The main commutator alone is concerned 
in supplying current direct to the lamps, the second 
commutator being brought into use for charging 
only. A special switch-board has two switches so 
interlocked that their manipulation is made quite 
simple, whilst the possibility of the compound dynamo 
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being reversed by the accumulators is prevented, 
although the dynamo and accumulators discharge 
in parallel to the lamps as in the ordinary arrange- 
ment with a shunt-wound dynamo. The current from 
dynamo to lamps never passes through any of the cells, 
so that no excessive current is sent through the regu- 
lating cells. All the accumulators, including the regu- 
lating cells, are charged during the hours of lighting, 
with a current which never exceeds the normal. The 
voltage is controlled by the engine governor, and 
does not depend upon the carefulness of the at- 
tendant. This saves labour and lamp renewals. 

DescripH&n. — Fig. 87 (p. 259) shows the general ar- 
rangement. The dynamo armature has a main com- 
mutator, M, and an extra commutator, N. These 
two commutators are connected in series either 
directly or through the dynamo series winding, W. 
The switch-board contains two switches, viz., the 
dynamo-switch, D, which connects the dynamo to the 
lamps, and the accumulator switch, E, which connect 
the accumulators in either of three different ways, viz. 

A, to the lamps alone ; B, to the lamps and dynamo ; 
C, to the charging circuit. These switches are ot 
the lever pattern and sire interlocked by the thrust- 
rod, F. The handle, H, acts on the thrust-rod so 
that it can only put the dynamo switch " on." To 
take it " off" the accumulator switch must be moved 
so that the accumulators are connected to the lamps 
alone. When the dynamo switch is put " on " the 
thrust-rod moves the accumulator switch from A to 

B, thus connecting the accumulator to the dynamo 
in such a way that they are in readiness to assist in 
supplying current to the lamps without risk of re- 
versing the dynamo. If the dynamo does not need 

S 
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assistance, and spare power is available, the accumu- 
lator switch may be moved further from B to C, 
when the dynamo will charge the cells by means of 
its extra commutator, N, without interfering with 
the constant voltage which is supplied to the lamps 
from its main commutator, M. An index, i, shows 
whether the accumulators are being charged or dis- 
charged; whilst an amperemeter, K, indicates the 
amount of the charging or dischsirging current. A 
second amperemeter, L, shows the current taken by 
the lamps. A pilot lamp on the switch-board lights 
when the dynamo begins working. 

Method of Working. — To start up, get the dynamo 
running at its normal speed. See that the pilot lamp 
on the switch-board is alight. Put the dynamo 
switch " on." The dynamo will then be supplying 
the lamps and the accumulators can be charged 
whenever spare power is available. 

To Charge. — ^Move the accumulator switch to the 
gap between B and C. Put all the cells into circuit 
by the switch, R. Move the accumulator switch to 
C. The charging contact, C, is divided into sections, 
i> 2, 3, 4, which are connected by three short coils 
of stout iron wire. These coils are securely mounted 
on insulators, attached to a cast-iron base, and are 
used to regulate the charging current when com- 
mencing to charge. After a short time the coils 
may, one by one, be cut out of circuit, and the 
charging current is then regulated by the switch, R. 
All the cells should be in circuit when starting 
to charge, so that the regulating cells may be 
switched out, one by one, after they are charged, and 
as soon as the charging current falls below that 
desired. 
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Fig. 87. — Diagram of Connection! for Accumulators. 
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switch, K, SO that the cells give the right voltage for 
the lamps. Move the accumulator switch to B. 

To Stop Running. — Before slowing down, move the 
accumulator switch to A. This will connect the 
acciimulators to the lamps and put the dynamo 
switch " ofT." The dynamo may then be stopped. 
An automatic switch, S, having shunt and series 
coils, will disconnect the dynamo when its speed 
slackens, and re-connect it when the proper speed is 
recovered. 



CHAPTER X. 

TYPICAL INSTALLATION. 

Perhaps there is no better instructor for everyday 
use than practice itself. In pursuance of this belief 
we consider that the most effective manner in which 
the present chapter can be made directly useful to 
practical men, is to furnish therein an exposition, in 
plain wording, of an actual installation. In some 
respects the installation we have chosen for treatment 
is a good t3rpical example. But as it does not include 
accumulators it may be held to be imperfect in this 
respect. We would point out, however, that accumu- 
lators are confined more to pleasure yachts or small 
steamers, and that the average liner has no need for 
electrical storage. 

Installation of the <' Majestic." 
(White Star Line.) 

Number of Lights. — ^The total number of lights of 
1 6 c.p. may be taken as equal to 1,200^ This includes 
mast-head, side lights, compass or binnacle lights, 
telegraph lights, cargo lanterns and exterior deck 
lights. 

Scope of the Electric Lighting. — ^While in ordinary 
steamers it is a common practice to use oil lamps 
for compasses, mast-head and side lights, and some- 
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times for minor piuposes below decks, the lighting of 
the Majestic is entirely due to electricity. No diffi- 
culty has been experienced in adapting it to every 
purpose aboard the ship. This Is the more remarkable 
in view of the predictions freely made some years ago, 
that electric lighting could only be used for the 
interior lighting, and was not adapted for compasses. 
The proof of the entire fitness of the incandescent 
lamp for any purpose aboeird a large and fast steamer 
is complete when we consider that the vessel under 
consideration has crossed the Atlantic about twenty- 
four times every year since she was built, often in 
the worst weather ever experienced in that stormy 
sea, and that no fault has been found with the electric 
light. This is the more remarkable as the exterior 
lighting appliances of the deck houses are very much 
exposed to the weather. 

Dynamos of the ^^ Majestic.** — These are of the 
Crompton horizontal tjrpe, and four in number. They 
are compound-wound. The four independent driving 
engines are of the Tangey compound horizontal type. 
They run at about 200 revolutions per minute. Below 
are g^ven a few of the more important particulars 
relating to the dynamos : — 

Elongated Gramme Armature. . . . 

Armature resistance o. i86 obms. 

Loss of E.M.F. in armatm-e with 240 
amperes 4*45 volts. 

Resistance of the main magnet wind- 
ing , 0*0077 ohms. 

Loss of E.M.F. in the main (series) 
magnet winding 1*86 volts. _^'/^ 

Resistance of the shunt magnet 
winding • 13*55 ohms. 

Current in the shunt magnet wind- 
ing 7*4 ampdres. 
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Useful energy at terminals of ma- 
chine 100 volts. 240 amperes. 24,000 watts. 

Loss in armature 135 watts. 

Loss in main magnet winding 445 watts. 

Loss in shunt „ „ 740 watts. 

25,320 watts. 

25,320 ^^ ^ ^° 
Temperature Tests : — 

Temperature of engine-room 72 ^tg, F. 

,, armature after long test .. loi ,, 

,, field magnet winding . . 92 ,, 

Position of the Dynamo-Rooms. — These adjoin the 
engine-rooms, but occupy the third platform counting 
from the bottom. The port and starboard dynamo- 
rooms are quite distinct and independent, so that any 
accident to one would not interfere with the efliciency 
of the other. They are separated by a bulkhead, and 
the position chosen for the engines, being adjacent to 
the main engine-rooms, diminishes to a minimum 
the possible objection by passengers to the vibration 
of electrical machinery. 

Switch-boards and Instruments. — ^There are two dis- 
tinct sets of switch-boards, one set to each pair of 
dynamos. These may be worked independently or 
in concert. Several changes may be effected at the 
main and branch switch-boards ; (i) All the circuits in 
the ship may be put upon any one dynamo ; (2) Any 
single circuit may be put upon one dynamo ; (3) All 
the circuits may be put upon two or more dynamos ; 
(4) The circuits maybe divided into port and starboard 
and worked from port and starboard dynamos inde- 
pendently. The latter is the usual method of distri- 
bution. The instruments consist of two of Paterson 
and Cooper's amperemeters and one voltmeter upon 
each main switch-board. 
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The ship is single-wired — ^that is, the return lead is 
represented by the shell of the ship, forming the 
usual " ship return." There are eleven active circuits 
and one reserve circuit. 

The arrangement of the switch-boards, dynamos, 
and connections is represented in Fig. 88, where A 
and B show the main switch-board on the starboard 
side, and A' and b' that on the port side of the ship. 
These switch-boards are connected through the 
amperemeters, a, to the respective starboard and port 
branch switch-boards, controlling the twelve circuits 
in the manner represented. The connections to the 
mains from the branch switch-boards lead off through 
two fuse boxes, indicated by 1,2, 3, 4, 5 and 6 up to 
12, and the number of lights upon each circuit or main 
branch is represented by the figures above. While 
the amperemeters are always kept in circuit, the volt- 
meters, V, are provided with a switch by means of 
which they are kept out of the circuit except at the 
moment of taking an observation. 

SMp Return Connections. — ^Each dynamo is furnished 
with a return connection to the shell of the ship as 
represented. The connection consists of a short 
length of cable, one end of which is attached to the 
negative ( — ) terminal of the dynamo, the other 
making connection with a gun-metal bracket bolted 
to one of the cross girders of the dynamo-room. 
Heavy main cables carry the current from the posi- 
tive (-h) terminals to the main switches, the connec- 
tions being arranged as represented. 

Work of the Dynamos. — ^There being 1,200 lights, 
and each dynamo being capable of running 400, it 
will be seen that there is always one dynamo in re- 
serve, the whole of the lighting being maintained by 
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the other three. This arrangement not only provides 
against the risks of a break-down of any dynamo, 
but permits of the stopping of any machine for pur- 
poses of cooling, or attention to brushes or lubrication 
when necessary, the load of this dynamo being" 
switched on to the reserve machine. 

Distribution, — ^As before mentioned, the distribution 
is carried throughout the vessel by means of eleven 
circuits, each circuit again dividing into numerous 
branches. The scheme of dividing the lighting into 
two main sections, port and starboard, is again 
observed in the plan of the circuits. Thus, the star- 
board half of the main (ist class) saloon is fed from 
the starboard switchboard normally, but it may if 
desired be supplied from the port side. In like 
manner the whole of the more important departments, 
furnished with a considerable number of lights, are 
divided into two, and supplied independently. Hence, 
it is obvious that in the event of a break-down of the 
lighting of one side, there would still be sufl&cient 
current on the remaining side to fairly illuminate the 
space. These duplicate branches are carried to their 
respective areas by different routes, so that any cause 
of damage to the one may not affect the others. 

Part of the scheme of distribution has already been 
given (page i6o) as far as it affected the port side of 
the vessel. The destination and areas of the star- 
board circuits are tabulated on p. 267, where also are 
furnished the procedure usually followed in manipulat- 
ing the switches. Most of the lighting is done by 
means of 16 c.p. lamps, with the exception of a few 
50 c.p. lamps for special purposes. 

The wiring is carried throughout in pitch-pine 
single groove casings, the wire being carefully puttied 
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into the channel. A cover of pitch-pine is afterwards 
secured upon the casing* The thickness of wood 
between the wire and the iron- work of the vessel is 
considerable, to insure against the intrusion of wet. 
The casings are well protected by coatings of white 
lead paint. 

Binnacle or Compass Lights. — ^The compasses upon 
the bridge and aft are lighted by single 16 c.p. lamps 
of the usual pattern. The lamps are fed by a single or 
leading wire running up the column or pedestal of the 
instrument within a brass tube, the return being 
effected through the metal of the tube itself. The lamp 
is mounted upon an ordinary socket, in an upright 
position, within a square lamp box at the back of the 
compass case, as represented in Fig. 61, page 220. 
The compass lamps are turned on and off by means 
of switches within the wheel house. The more im- 
portant wheel house or steering compass is lighted by 
a single 1 6 c.p. lamp suspended from the hood of the 
instrument. Its position is in the axis of the needle. It 
is fed by a twisted twin wire, brought down vertically 
as already described and illustrated at page 221. The 
standard Thomson compass is placed in an elevated 
position, above all the decks, and is not lighted. 

• Telegraph Lights. — The telegraphs, communicating 
with the engine-rooms and other parts of the vessel, 
are situated on the bridge. They are ftimished with 
white glass dials and are lighted by transmission 
from a single lamp placed behind the dial, at a dis- 
tance of several inches. The 1 6 c.p. lamp is placed 
in a brass rectangular box of sufficient size, and is 
fed by a single lead, as in the case of the compasses, 
running up through a brass tube behind the pedestal 
of each telegraph* 
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Side or Steaming Lights.'^The red and green side 
lanterns are permanent fixtures to either end of the 
bridge. The front glass consists of an almost plane 
lens. The incandescent lamps are two in number, 
of 50 c.p. each, placed as close together as possible 
so as to insure the light occupying a central position. 
The lamps are upon separate switches, so arranged 
that one or both may be turned on as desired. The 
two lamps are only used in thick weather ; at other 
times the reflection from the side lights, if too bright, 
is said to be unfavourable to good observation ahead 
from the bridge. The side lights are switched from 
the wheel house, situated beneath the bridge. 

Mast-head Light. — ^This consists of a permanent 
lantern, with a thick, nearly plain clear glass front. 
The lamps are two in number, each of 50 c.p. The 
current is led up by means of a single lead run in a 
brass tube attached to the steel mast, and laid along 
the edge of the lap of the steel plate. The return cir- 
cuit is effected through the metal of the mast itself. 

Engine-Room and Stoke- Hole Lights. — All the wiring 
of these departments is carried through iron gas 
tubing for the sake of protection. This tubing is 
attached to the ironwork by means of strong saddles, 
and forms a sufficient protection against the roughest 
usage. A rather superior class of exterior insulation 
is employed in the case of the wfres run in this way 
in iron pipes. The leads are merely drawn into the 
pipes, without additional surrounding material. 

Cut-Outs. — In addition to the main cut-outs, there 
is situated a branch fiise at the commencement of 
every branch, and a single fuse at the root of the 
"twig" wire leading to every lamp. Fuses in the 
ceiling roses of lamps are not employed. 
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ACCUMULATORS and electric 
storage, 23 

uses of the, 23 

pre- arrangements for, 36 

in reserve, 147 

switch for, 126 

cells for, 247 

in ship lighting, 247 

nature of the, 249 

electric pressure for, 249 

table of, 251 

connections of, 252 

electrolyte for, 254 

charging of, 255 

system of Scott testing, 256 
Acorn holder for lamps, 225 
Adaptability of the electric light, 25 
Adapters for lamps, 225 
Adjustment of brushes, 82 

of arc lamps, loi 
Admiralty switch-board, 117 

voltmeter, 130 
American switch, 202 
Amperemeters for use at sea, 129, 

136 
Analogy, hydraulic, of the circuit, 3 
Arc, management of, 86 

lamps, management of, 91 
Arcs, system of running, 92 
Arc lamp, regulation by shunt, 93 

Btrikmg the, 94 



Arc lamps, diiferential, 95 
Arc lamp, adjustment of, loi 

current for, 102 

light, variable, 103 

direction of current in, 103 

light unsteady, 103 

pumping of the, 103 

faulty, 104 

hissing of the, 104 

lamp, Thomson-Houston, 150 

lamp rods, tension of, 105 

lamp, feeding point of the, 105 

lamp, general examination of 
the, 106 

lighting, personal precaution 
in, 108 
Arguments for and against single 

wiring, 139 
Armature, requirements of the, 57 

shaft, joumalling of the, 61 

faults, 72 

broken wire in, 73 

bar, 75 
Arrangement of duplicate plant, 33 
Arrester for lightning, 128 
Attendant, qualified, 31 
Automatic cut-out of arc lamp, 108 

ID A]^ armature, faults in, 75 
Belt open, 40 
crossed, 40 
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Belt, curbed, 40 
Btiting from main engines, 41 
Binnacles, electric lamps in the, 27 
Binnacle light for bridge, 219 

wheel house, 221 
Blackening of the lamps, 208 
Boiler lamp, 228 
Bow-spring contact holder, 225 
Boxes, or cases for joints, 191 
Box, multiple fuse, 125 
Boxes, distributing, 173 
Brackets for cabins, 225 
Branch wires, fusing point of, 155 
Brass connections, 190 
Breakdowns, avoidance of, 77 
Bridge compass light, 219 
Britannia joint, 187 
Broken wire in armature, 73 
Brushes, treatment of, 80 

setting lead of, 79 
Bulkhead, piercing of, 164 

stuffing box, 165 

fittings, 226 

CABI^.pre.««u.g«necUfo. 

and wires, data of, 150 
Cables, 153 
Cable joint, longitudinal, 186 

and wire joint parallel, 189 
Cables, jointing of, 178 
Cabin brackets, 225 
Canal lights, 145 
Cardew voltmeter, 130 
Cargo, lantern leads for, 155 

lamps, powerful, 221 

lantern reflector, 223 
Casing for mains, 169 
Cells for accumulators, 247 
Chandler engine and dynamo, 45 
Change-over switch, 122 
Charge and discharge switch for 

storage, 126 
Charging accumulator, 225 



Choking coils, 89 
Cleanliness in jointing, 184 
Qeats, wood and porcelain, 190 
Clusters, lamp, 229 
Circuit, electrical, 13 

motors on the, 29 
Circuits, distribution of the, 138 

reserve and duplex, 147 

numbering of Uie, 173 

of the Afajestic, 968 
Collisions, provision against, 1 10 
Collar lamp, wall connections for, 

217 
Compass, effect of the current on 
the, 27 

lamp for bridge, 219 

lighting, 219 

of the Majestic, 268 
Commutator, requirements of the, 57 

faults of treatment of, 81 
Compound engines, 43 

d3rnamo, 52 

winding, 53 
Conductivity and insulation testing, 

230 
Concealed wiring, 171 
Connection to ship, 166 
Connections, brass, 190 

of accumulators, 253 
Contact for door, 206 
Continuous or alternating current, 

48 

Continuity, tests for, 236 

Crossed belt, 40 

Crosses, tests for, 237 

Curbed belt, 40 

Current, hydraulic, analogy of the, 3 

excessive for lamp, 102 

direction in arc, 103 

required by lamps, 209 
Cut-out, automatic, for arc lamp, 

108 
Cut-outs, position of the, 149 

and switch, 193, 197 
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Cut-outs, multiple, 197 
for heavy current, 198 
single, for lamp, 287 
function of the, 198 

T^ATA relating to cables and 

wires, 150 
Deck lighting, 161 

reflector, 224 
Detached cut-outs, 196 
Difficulties due to water and damp, 

112 
Differential arc lamp, 95 
Diffusion of the light, 113 
Direct driving, 44 
Direction of current in arc, 103 
Disadvantage of the ship return, 

Distribution of light, 113 

of the circuits, 138 
mains, 164 
Distributing, 173 
Door contact lamp, 206 
Double-pole twin fuse switch, 120 

wiring, principle of the, 138 
Driving dynamo, 20 
by strap, 39 

rope, 42 
Driving direct, 44 
Division of the lighting, 143 
Duplicate plant, arrangement of, 33 
Duplex and reserve circuits, 147 

stateroom switch, 205 
Dynamo, nature of the, 18 

elements of the, 19 

driving, 20 

engines, 38 

belt, curbed, 40 

driven from main engines, 41 

driving, rope, 42 

engines, various, 43 

insulation, 46 

for ship work, 48 

regulation, 49 



Dynamo, compound, 52 
Dynamos, position of, 3 1 

slow speed, 54 

size and capacity, 56 

special requirements of the, 57 

insulation, 59 

and high temperature, 60 

ventilation, internal, 61 

shaft, 61 

typical ship, 62 

Kapp*s, 64 

ship, management of, 70 

coils, short-circuit in, 70 

faults, 72 

position of, on shipboard, 1 14 

of the Majestic^ 262 



17 ARLY electric lighting, 24 
Earth and ship return, 14 

leakage, tests for, 238 

lamp tests, 239 
Economical efficiency of lamps, 207 
Effects of current on the compass, 27 
Efficiency of lamps, 207 
Electric light, theory of the, i 

storage and accumulators, 22 

lighting, early, 24 

light, adaptability of the, 26 

lamps on the binnacles, 27 

search light, 84 
Electrical circuit, 13 

insulation, 15 

plant, location of the, 30 
Electricity on ship board, 24 

in the Royal Navy, 28 
Electro-magnetic voltmeters, 135 
Electro-motors on the circuits, 27 
Electrolyte for accumulator, 254 
Elements of the dynamo, 19 
Engines for ship lighting, 38 

single, 42 

rotary, 43 

multiple cylinder, 43 
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Engines, compoand, 43 

Chandler's 45 

room lamp, 228 
Enumeration of wires in cables, 156 
Evershed's testing instrument, 23 1 
Exact location of leaks, 241 
Examination for faults, 70 
Excessive cuirent for arc, 102 
Exposed terminal, cap for, 228 



■pATLURE to excite, 71 

Fall of potential test, 243 
Faults, examination for, 70 

in armature, 72 

bar armature, 75 

commutator, 81 
P'aulty arc, 104 

Feeding point of arc lamp, 105 
Field coils, short-circuit in, 70 
Fire at sea, provision against, ill 

office ru^es, 232 
Fitting of switches, 206 
Fittings for bulkheads, 226 
Flow and pressure, hydraulic 

analogy of the, 5 
Fluxes and solders, 179 
Focus steaming lamps, 213 
Fore and aft division of the light- 
ing. H5 
Fragile nature of lamps, 208 

Friction and power, analogy to heat 

and light, 7 
Friction of the cut-out, 198 
" Frying '* of the arc, 104 
Fuse case, single-pole, 125 
Fuses, positions of the, 149 

tin alloy for, 150 
Fusion of arc lamp rods, 105 
Fusing of voltmeter, 135 
Fusing point of branch wires, 155 

/^AUGES, reputed and actual. 

General examination of arc lamp, 106 



T-J AND lamp for search light, 85 

Handy wiring table, 151 
Hatchet switch, 198 

two-way, 200 
Heavy wire jointing, 185 
High temperature and ship dyna- 
mos, 60 
Hissing of the arc, 104 
Holder for incandescent lamps, 214 
loop lamps, 216 
bow-spring, 225 
Holmes switch, 203 
Horizontal lamp, 218 
Hydraulic analogy of the current, 3 
pressure and flow, 5 
parallel system, 10 

TDEAL installations, 24 

Indicators for use at sea, 129 
Impedance and choking coils, 89 
Incandescent lamps and series cir- 
cuit, 9 

lamps, the, 20 

working of, 177, 207 

current table, 210 
holder, 214 
and vibration, 225 
Inspection switch, 204 
Insulation, electrical, 15 
Insulation of dynamo, 46, 59 

halved by single wiring, 142 

jointing, 183 

resistance rules, 232 

tests, making, 233 

simple, 235 
Insulators and voltage, 17 
Insulated wires, 153 
Installation, ideal, 24 
Installation, ocean-going, 25 

typical sea-going, 261 
Introduction, i 

JOINT solders and fluxes, 179 
^ longitudinal, 181 
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Joint, parallel, 182 

boxes, 191 
Jointing materials, 158, 178 

insulation, 183 

and cleanliness, 184 

heavy wires, 185 

T^ APP*S overtype dynamo, 64 

dynamo, construction of, 67 
Key switch, 204 

T AMP, incandescent, 20 

arc, management of, 91 

shunt in, 93 

differential, 95 

arc, adjustment of, 10 1 
Lamps, number required, 143 

of, on one circuit, 176 

of different c.p. woiking to- 
gether, 176 

switch and cut-outs, 193 

blackening of the, 208 

fragile nature of the, 208 

current for, 209 

cut-out, single, 217 

for horizontal position, 218 

powerful, for cargo, 22 1 

adapters for, 225 

holder, acorn, 225 

bow-spring, 225 

economical efficiency, 207 

for roofs, 227 

stoke-hole, 228 

engine-room, 228 

clusters, 229 

test for eardi leakage, 238 
Lantern reflector, 224 

deck, 224 

hand or portable, 228 
Large cut-outs, 198 
Lead setting, 79 

taking off, 79 

armoured wires, 157 
Leads for cargo lantern, 155 



Leaks, location of, 240 

exact location, 241 
Leakage test, 236 
Liability to leakage from single 

wiring, 142 
Light, mast-head of the Majestic^ 

269 
Lights, distribution of the, 113 
Lighting, diffusion of the, 113 

plan of the, 143 

division of the, 143 

fore and aft, division of the, 

145 
of deck, 161 

Lightning arrester, 128 

Location of the electrical plant, 30 

leaks, 240 
Log book, ship lighting, 270 
Longitudinal joint, 181 

in a cable, 186 
Loop-lamps, holder for, 216 

TVif AGNET coilings, requirements 

^^ of the, 58 

Main engines, belting from, 41 

switch, 124 

deck lighting, 161 
Mains and branches, plan of the, 

159 

distribution of the, 164 

Majestic, wiring and circuits, on 
port side of the, 160 
installation of the, 261 
number of lights on, 261 
dynamos of, 262 
switch -boards of the, 263 
dynamo-rooms of, 263 
scheme of the distribution, 262 
compass lights of the, 268 
binnacle lights of the, 268 

Management of ship dynamos, 70 
arc lamps, 91 

Manipulation of the arc, 86 

Marine voltmeters, 129 
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Mast-head lights of the Majestic^ 

269 
Matetials for jointing, 158 
Metallic contacts, reduction of, 195 
Motors, electric, on the circuits, 29 
Multiple cylinder engines, 43 
Multiple fUse box, 125 
cut-out, 197 

"MATURE of the dynamo, 18 

Naval type switch-board, 117 
Negative switch-board, 1 19 
Non-excitation, 71 
Number of lights required, 143 
Numbering of circuits, 174 

/^CEAN going installation, 25 

Open belt, 40 
Oyster fittings, 827 



PARALLEL system, the, 1 1 
hydraulic analogy of the, 10 

joint, 182 
Personal shock, 8 

precaution in arc lighting, 108 
Permanent earth lamps, 241 
Phoenix Fire Office lules, 232 
Piercing of bulkheads, 164 
Plan of the wiring, 161 

mains and branches, 159 

the lighting, 143 
Plug for short-circuiting, 127 

terminal for lamp, 216 

connection for cargo lantern, 
219 
Porcelain cleats, 190 
Portable lamp connection, 215 

lantern, 228 
Port distributing, 174 
Position of dynamos, 31 

on shipboard, 1 14 
Positions of the cat-outs, 149 
Positive switch-board, 117 



Power and friction, analogies of, 7 
Pre-arrangements for lighting, 30 

for cables, 36 

for accumulators, 36 
Precautions, personal, 8 

against vibration, 70 
Pressure and flow, analogy in hy- 
drauUcs, 5 

of brushes, 82 
Projector for search light, 87 
Pumping of arc lights, 103 



QUALIFIED attendant, 31 



J^ECIPROCATING engines, 

speed of, 46 
Reflector for upper deck, 224 
Regulation of djmamo, 49 
Reserve dynamos, 147 
Resistance of insulation, 232 

of test working, 244 
Return studs, 169 
Rod switch, 204 
Roof lamps, 227 
Rope driving, 42 
Rotary engines, 43 

speed of, 47 
Royal Navy, electricity in the, 28 
Rule of the Institution of Electrical 
Engineers, 232 

C ADDLES, brass and leather, 191 
Scott- Sisling accumulator, 256 
Search light, handling of, 84 
hand lamp, 85 
projector, 87 
Section lighting, 146 
Section of a voltmeter, 134 
Separation of dynamos and engines, 

35 
Series circuit and incandescent 

lamps, 9 

Serrated lightning arrester, 128 
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Setting lead of brashes, 79 
Ship return and earth, 14 

board, electricity on, 24 

lighting engines, 38 

builders' pre-^urangements, 30 

lighting dynamos, 48 

lighting sets, 69 

lighting, requirements of, no 

return, disadvantages of the, 

"3 
connection, 116 

contact, 168 

dynamos, 55 

special, 62 

Ships' dynamos, management of, 

70 
wiring and fitting, 1 10 
side lamps, 211 
Shock, personal, 8 
Short-circuit in field coils, 70 
circuiting plug, 127 
circuits, tests for, 237 
Shunt arc lamps, 93 
Side lamps for ships, 211 
Single engines and dynamos, 42 
Single-pole switch, 124 
fuse case, 125 
wiring, principle of, 139 

arguments for and against, 

139 
insulation halved by, 142 

wire system tests, 243 

lamp cut-out, 217 
Size and capacity of dynamos, 56 
Slow speed dynamos, 54 
Small switches, 200 
Solders and fluxes, 179 
Specification fi-om owners to ship- 
builders, 34 
Speed of rotary engines, 47 

reciprocators, 46 

ships' dynamos, 55 
Spliced parallel joint, 182 
Starboard distributing-boxes, 174 



Steam pressure available, 47 
Steaming lamps for ships, 211 

lamp focus, 213 
Steerage lamp, 228 
Stoke-hole lamp, 228 
Storage, electricity, and accumu- 
lators, 22 
Stranded wires, 153 
Strap driving, 39 
Striking the arc, 94 
Stuffing-box for bulkhead, 165 
Sulphating of accumulators, 255 
Switch-boards on ship-board, 115 

board, typical, 116 
naval type, 117 
positive, 117 
negative, 119 
Switch, double-pole twin fuse, 120 

change-over, 122 

for main current, 124 

single pole, 124 

for accumulators, 126 

hatchet, 198 

for heavy branch, 198 

"Tumler," 201 

American, 202 

Holmes, 203 

rod, 204 

inspection, 204 

key, 204 
Switches and cut-outs, 193 

double-pole twin fuse, 120 

small, 200 

fitting of, 206 
System, the parallel, 1 1 
Systems of lunning, 92 



'pABLE of wiring, a handy, 

the incandescent lamps, 211 
Testing conductivity and insulation, 
230 
instruments, Evershed's, 231 
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Tests of insulaticn, 233 
simple, 23s 
for leakage 236 

short-circuit, 237 
by yoltmeter, 238 
with earth lamp, 239 
for leakage, voltmeter, 242 
for single wiring, 243 

Theory of the electric light, i 

Thomson-Houston arc lamp, 105 

Thomson's (Sir W.) marine volt- 
meter, 137 

Tin alloy for fuses, 154 

T-joint in wires, 189 

Tools for jointing, 158 

Tree and branch system, 176 

** Tumler " switch, 201 

Twin wires, 154 

filament lamps, 212 

Two-way hatchet switch, 200 

Typical ship's dynamo, 62 
switch-board, 116 
electrical installation, 261 

UNSTEADY arc light, 103 
Upper-deck reflector, 224 
Uses of the accumulator, 23 

'yARIABLE arc light, 103 

Ventilation of dynamos, 61 
Vibration, precautions against, 70 
and incandescent lamps, 225 
Voltage and insulators, 17 
Voltmeters for use at sea, 129 



Voltmeter, Cardew*s, 130 
selection of a, 134 
fusing of the, 135 
electro-magnetic, 135 
Sir W. Thomson's, 137 
tests, 238 
for leakage, 242 

TX7ALL connection for lamp, 215 
Water and damp, difficulties 

due to, 112 
Watts, taken by lamps, 209 
Westinghouse short-circuiting plug, 

127 
Wheel-house compass light, 221 
Wood cleats, 190 
Working resistance test, 244 

of incandescent lamps, 177 
Winding, compound, 53 
Wire coil, removal of, 77 
Wires, table of, 152 

stranded, 153 

insulated, 153 

twin, 154 

lead armoured, 157 

and cables, enumeration of, 

ISO 

jointing of, 178 
Wiring and fitting of ships, no 
double plan, 138 
single plan, 139 
table, a handy, 131 
plan of the, 161 
concealed, 171 
of the Majestic^ 266 
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Turning. ^*^^ published, 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turnings By Paul N. Hasluck. 
Fourth Edition, Revised and Enlarged. Cr. 8vo, 55. cloth. 
" Written by a man who knows, not only how work ought to be done, but who also knows how 

to do it, and how to convey his knowledge to others. To all turners this book would be valuable." 

--En^netritt^. 

" We can safely recommend the work to young engineers. To the amateur It win simply be 

invaluable. To tiie student it will convey a great deal of usefiil information."— f^^fTH^^* 

Screw^Cutting. 

SCREW THREADS : And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
By Paul N. Hasluck, Author of " Lathe- Work," &c. With Fifty Illustra- 
tions. Third Edition, Enlarged. Waistcoat-pocket size, is. 6d, cloth. 
" Pull of useful Information, hints and practical criticism. TajM, dies and screwing-tods gene* 

"be " "" ~ " ' 



" It is a complete compendium of all the details of the screw-cutting lathe ; in fact a muUum- 
"the! ■ " ■ .. - . _ ... 



rally are illustrated and their action descrihed."--Meckanieal JVorld. 
" It is a complete compendium of all the details of the screw-cutt 
ift'Parvo on all the subjects it treats }xpoii."~-Carp*nUr and Builder. 

Smithes Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tables, Formula, and 
Memoranda. Waistcoat-pocket sixe, is. 6d. limp leather. [Ju^ published, 
" It would, perhaps; be as difficult to make a small pocke^t>ook selection of notes and formulae 
to suit ALL engineers as It wotUd be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collecnon may be looked upon as a successful attempt,"— Bngineer. 

"The best example we have ever seen of 950 pages of useAil matter packed into the dimen- 
sions of a card-case.'-^MiAMftf' News. *• A veritable pocket treisury of knowledge."— /rvn. 

Engineer's and Mcichiniet's Assistant. 

THE ENGINEER*S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT, A collection of Useful Tables, Rules and Data. 

By Wiluau Tbmpleton. 7th Edition, with Additions. iSmo, as. 6d. cloth. 

" Occupies a foremost place among books of this kind. A more suitable present to an appren- 
tice to any of the mechanical trades could not possibly be uuLdt."-'Buiidin£ News, 

"A delenredly popular, work, it should be ia the 'drawer' of every mechanic."— £>v/£f A 
MechaM4e» 

Iron and Steel. 

" IRON AND STEEL " ; A Worh.for the Forge, Foundry, Factory, 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters; Managers of Bar, Rail, Plate, and Sheet Rolling Mills: Iron and 
Metal Founders : Iron Ship and Bridge Builders j Mecnanical, Mining, and 
Consultinc Engmeers ; Contractors, Builders, &c. By Cbarles Hoarb. 
Eighth Edition, Revised and considerably Enlarged, same, 6s, leather. 

*' One of the best of the pocket hodkxr—En^ish Meefumle. 

"We cordlallr reeommend this book to those engaged In considering the details of all kinds of 
Iron and stetf works."— iVinw/ Seieme. 
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Engineering Construction. 

PATTERN-MAKING : A Pr<w«^flZTrMft'5#, embracing. the Main 
Tvpet of Bnsineermg Conatniction, and incladins; Gearing, bou Hand and 
Machine made, EngCne Work, Sheaves and Polleyt, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, &c.. together with the methods ot Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. Br m Fokxmam Pattbrn Makbk. With upwards of Three 
Hundred and Seventy Illustrations. Crown 8vo, 7s. 6i. cloth. 
''A wall- written technical guide, VTldentljr written by a man who understands and has prac- 
tised ^ut he has written about. . . . We cordially recommend it to engineerinf students, yom^ 
J ounimrmen, and others desirous of befaur faiitiated faito the mysteries of pattern-making."— ^M«Urr. 
" we can confidently recommend this comprehensive treatise.' —Buiiding Nrws. 
" Likeiy to prore a welcome guide to many worlcmen, especially to draughtsmen who have 
lacked a training in the shop& pupDs pursuing their practicaj studies m our foctories, and to em- 
ployers and managers in engineering worics.'^/Tantfawr* Trade youmcU, 

"More than 370 iUustraoons help to explain the tex^ which ii^ liowerer, always dear and ex- 
plicit, thus rendering the work an excellent vadt nueum tot the apprentice who desires to become 
toaster of his trade.'^^v'^rA Meehanic, 

Dictionary of Mechanical Engineering Terms* 

LOCK WOOD* S DICTIONARY OF TERMS USED IN THE 
PR A CTICE OF MECHA NIC A L ENGINEERING, embracing those current 
in the Drawing Officei Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops Jkc. &c. Comprising upwards of 6,000 Definitions. Edited by 
A FoRBUAN Pattern-Maxbr, Author of *' Pattern Making." Crown 8vo, 
7s. 6d. cloth. 

** Just the sort of handy dictionary re<iulfed by the Tarioos trades engaged in mechanical en- 
gineering. The practical engineering pupil win find the book of great value in his studies, and 
every foreman engineer and mechanic should have a copj^'—Buiiding^ News. 

"After a careful examination of the book, and trying all manner of word% we think that the 
engineer will here find all he Is likely to require. It will be largely \ised."—PracHeai Engineer. 



" One of the most useful books which can be presented to a mechanic or student"— £y^/»xA 
AfecManic. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 
a happy idea to combine with a definition of the phrase useful information on the subject of which 
it treats."— il/iB<:A»«*0' Market. 

" No word having connection with any branch of constructive engineering seems to be 
omitted. No more comprehensive work has been, so far, issued. — Knowledge. 

"We strongly commend this useful and reliable adviser to our friends in the workshop, and to 
students everywhere." — Colliery Guardian, 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.B. Fifth Edition, 
ismo, 6s. cloth. 

"The best treatise that has ever been pnbHshed on steam boilers." — Sftsitteer, 
"The author shows himself perfect master of his subject, and we heartily recommend all em- 
ploying steam power to possess themselves of the iroiKk,"—JiylaMd's Iron Trade Circular, 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A.I.C.E., Author of "A Treatise on Steam Boilers," &c Second 
Edition. Crown 8vo, 3x. Sd. cloth. 

" Fun of useful information, definite in statement, and thoroughly practical ui treatment — 
77r« Local Government Chronicle. 

" A valuable contribution to the iterature of scientific buflding."— T'A^ Builder, 

Boiler Making. 

THE BOILER^MAKER'S READY RECKONER &- ASSIST- 

A NT, With Examples of Practical Geometry and Templating, for the Use 

of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clarx« 

M.I.C.B. Third Edition, 480 pp., with X4oIllusts. Fcap. 8vo, 7s. half-bound. 

" No workman or apprentice should be without this book."— /r^n Trade Circular. 

"BoUer-makerswinreadUy recognise the value of this volume. . . . The tables are cleady 

printed, and so arranged that they can be relferred to with the greatest fiidllty, so that it cannot be 

doubted that they wiu be generally appreciated and much used."— iitftff(s>v journal. 

Warming. 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Tones. With Illustrations, crown 8vo, as, cloth. 
" We confidently recommend all interested in heating by hot water to secure a Qppy of this 
valuable little treatise."— TTf* Plumber and Decorator. 
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Bteatn JEngine. 

TEXT'BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas En^nes, and Part II. on Hbat Bkgikbs. By T. M. 
GooDBVB, M.A., Barri8ter-at-Law, Professor ot Mechanics at the Normal 
School of Science and the Royal School of Mines; Author of "The Princi- 
ples of Mechanics," "The Elements of Mechanism," &c. Eleventh Edition, 
Enlarged. With nnmerons Illastrations. Crown 8vo, 6s. cloth. 
"Professor Goodevo has sfivta ns a treatise on tiie steam engliM which will bear compartaon 

with ansrthinar written by Htuley or Maxwell, and we can award It no higher praise.'— f^rsMMr. 
" Mr. Goodeve's t«ztbook is a work of which every young engineer should possess hlmsdt' 

^Mining youmttL 

Gas JEngines. 

ON GAS-ENGINES. Being a Reprint, with some Additions, of 
the Supplement to the Text-book on the Steam Engine, by T. M. Goodbvb, 
M.A. Crown 8vo, 2s. 6d, cloth. 
" Like an Mr. Goodeve's writings, the present is no exception bx point of general ezceUence. 
It is a vahiable little yclamt.'—Me^niaJ IVor/d, 

THE SAFE USE OP STEAM. Containing Rules for Un- 
professional Steam-nsers. By an Enoinbbr. Sixth Edition. Sewed, 64. 
" If steam-users would but learn this litde book by heart boiler explosions would become 
tensatioos by their taxity"—£n£'lisA Meehanie, 

Reference Book far Mechanical Engineers. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Construction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A, Folio, £5 5s. half- 
bound. Quit published. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-4isers, By Nelson Foley, Author of " Boiler Con- 
struction.'* Pocket-size, 35. 6i. cloth ; 4s. leather. 

" These tables are designed to meet the requirements of every-day use ; and may be com- 
mended to engineers and users of steam."— /rvn. 

" This podEet-book weD merits the attention of the practical en&ineer. Mr. Foley has com- 
plied a very osefhl set of tables, the information contained in wmch is frequently required by 
engineers, coal consumers and users of steam."— /rvM and C«at TratUs Review, 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management : Re- 
marks on Fire-Prooi Buildings, and the Preservation of Life from Fire ; 
Foreign Fire Systems, &c. Bv C. F. T. Young, C.B. With numerous 
Illustrations, 544 pp., demy 8vo, £z 4s. cloth. 
** To such of our r^ulers as are interested in the subject of fires and fire apparatus, we can most 

heartihr commend this bock."—Sf$£{Heermf. 

"ft displays much evidence of careful research; and Mr. Younf has pnt his Acts neathr 

together. It is erident enough that his acquaintance with the practical details of the construction ot 

steam fire engines Is accurate and fuIL"—SM£im€r, 

Estimating for Engineering Work. i£c. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo, 125. cloth. 
" This is an excellent and very useful book, covering subject-m* tter in constant requisition in 

every factory and workshop. . . . The book is invaluable, not only to the young engineer, but 

also to the estimate department of every works."— Builder. 

"We accord the work imqualified praise. The information Is given in a plain, straightforward 

manner, and hears throughout evidence of the Intimate practical acquaintance of the author with 

every phrase of commercial engineering."— Afr^Aan^a/ lyorid. 

Elementary Mechanics. 

CONDENSED MECHANICS. A Selection of Formulae, Rules, 
Tables, and Data for the Use of Engineering Students, Science Classes, &c. 
In Accordance with the Requirements of the Science and Art Department. 
By W. G. Crawford Hughes, A.M.I.C.E. Crown 8vo, 2s. 6d. cloth. 

[Just published 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 
(" Thb Emqinx Drivbr's Fribmd "). 

Loeomotive^JSngine Driving. 

LOCOMOTJVE'ENGINE DRIVING : A Practical Manual for 
Eng^%tif% in charr* of Locomotive Engines. By Michabl Rbtnolds, Member 
of me SocietyofEnsineers, formerly Locomotive Inspector L. B.and S.C. R. 
Eighth Edition. Including a Key to thb LocomotiYb Enqimb. With Illus- 
trations and Portrait of Author. Crown 8vo. 4s. 6d. cloth. 
"Mr. Reynolds has supplied a want; and has supplied it well. We can coniidentlsr recommend 

(be book, not only to the practical driver, but to erwyone who takes an interest in the pwformance 

of locomotive engines."— TVIw Engineer. 

" Mr. Reynolds has opened a new chiqyter In the literature of the day. This admirable practical 

treatise, of the practical utility of which we have to speak in terms of warm commendation."— 

Athenaunt. 

" Svidoitly the work of one who knows his subject thoroug^y."— Railway Service Gattette. 
"Were the cautions and rules given in the book to become part of the every-day workioff of 

our engine-driven^ we might iiave fewer distressing accidents to oeploie."— ^S<»£nmaf(. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Enpnurs in charge of Stationary Engines. By Michael Reynolds. Fourth 
Edition, Enlarged. With Plates ana Woodcuts. Crown 8vo, 4s. 6d. cloth. 
"The author is thoroughly acquainted with his subjects, and his advice on the various points 

treated is dear and practical. . . . He has produced a manual whldi is an ezceediogiy usefiil 

one for the class for whom it is specially intended. --Sniineertnf. 

" Our author leaves no stone unturned. He is determined that his readen shall not only know 

something about the stationary engine, but all about iU'—Sngineer. 

"An engineman who has mastered the contents of Mr. Reynolds's bookwOl require but little actual 

experience with boilers and engines before he can be trusted to look after ihem."^£t^lishJI£ecAanic. 

The Engineer, Firetnan, and Engine-Boy, 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth. 
" From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcibly than anything written by I>r. Smiles. . . . The volume contains mformation of a tech- 
nical kind, and facts that every driver should be familiar ■with."—£n£-lith Mechanic 

"We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /r«M. 

Continuous Railway Brdkesi 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown 8vo, 95. cloth. 
" A popular explanation of the different brakes. It will be of great assistance in forming public 

opinion, and will be studied with benefit by those who take an mterest in the hiake,"— English 

Mechanic 

"Written with sufficient technical detail to enable tixe principle and relative connection ot the 

various parts of each particular brake to be readily pzsp^"— Mechanical World. 

Engine-Driving lAfe. 

ENGINE-DRIVING LIFE : SHrring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers, By Michael Rbymolds. Second 
Edition, with Additional Chapters. Crown 8vo. 2S. cloth. 
"From first to last perfectly fascinating. Wilkie CoIHns's most thrilling conceptions are thrown 

^— North British Mail. 

than read ' Engine- 
; enthusiasm and real 
love of the engine-driving profession will carry him on till he has read every pag9»"—SatMnUi^ Review. 

JPocket Companion for Enginemen. 

THE ENGINEMAN'S POCKET COMPANION AND PR AC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER j^TENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Royal z8mo, 35. 6^., 
strongly bound for pocket wear. 
" This admirable work is well suited to accomplish its object, being the honest workmanship of 

a competent engineer." — Gtasgoto Herald. 

" A most meritorious work, giving in a succinct and practical form all the Information an englne- 

mlnder desirous of mastering the scientific principles of his daily calling would require."— Jl/»M«r. 
" A boon to those who are striring to become efficient mechanics.''— Z7at/)' Chronicle. 
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Fr»nch-Engliah Glossary for Engineers, etc. 

A POCKET GLOSSARY of TECHNJCALTBRMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; wilh Tables imitable for Ihe Aichiteclotil, 

FLiTCHCBl^D^iiesr uid Siuvsjor. loo pp. Wsislcosl-pociet siie, i). M.. 
"~ip leaibu. 



Portable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT. A Practicul Manual (or Owners and Users of Steam 
~ ■ lerally. B7 Wiixi*u DysoM WAMSBHOuaH. Wilh 90 llluslra- 
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IKR. HUHBEIt'S IMPORTANT ENBINEERINO BOOKS. 
The Water Supply of Cities and Tottms. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. fiy William Huubik, A-M.lasl.C.E., Mid 
M. lasl. M.K., Aulhot of "Cait aad Wrought Iron Bridge Conalnictioa," 
&c. Ac Illuitraled witta jo Double Plalei, i Single Plate, Coloored 
Frontispiece, and opwardg of 150 WoodCDli, and containing 400 pagsi of 
Teit, Imp. 4to, £6 N. sleKintlT and ■nbitantlaltjr balf-bonnd in tnorocM. 
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UUHVUBER-S GREAT WORK OH UODERN EHOISEE/ilNQ. 

Complcu in Foor Volumst. Imperinl 4to, piiea fit itt„ tulf-morocca. Bicb 

Volume aold upintelj u &l]oHt ;— 

A RECORD OF THE PROGRESS OF MODERN ENGINEER- 



HUMBER'S RECORD OF MODERN ENGINEERING. Sbcomd 
SiEiES. Imp. 410, wiih ]fi Dgabla Pliit«, Photogiipluc PorDsit af Rabert 
StepbcEiDD. C.E., M.P., F.R.S., Ac, ud copioui deKriptivs Letieipma, 
SpeclfiradoDi, &c., £3 js. twU-inorocco. 

Lilt of i}u Plain and Diagnmi. 

pUtaFi Char^ Ctdv Bt«b» Roctf. C. C HmbrirTndHrti. and AbsAfCCUH iu£ 

Kdhnr It nlllei] 1 PlnwcU Vliduct. GfMl «; ; Cldwi Wood VUducl. Comnll KlU- 

Nonbnn Rili«>: kuGbwr Wood Vbdncl. nj; DubA Wbur Pilus Koaf [3 JilUHtl 

Gku Hcnluni hdwi;; Inn PiciDulail B^CJEB om Ibe Tliunsk L. C. & C. K^B<^ 

Wmy ; CIrdkdi VladDO. Uvn^yr, TTwlvga', b lA plia«> ^ AJb«t Hwboui; Cnenoch (4 plaJaif. 

NUMBER'S RECORD OF MODERN ENGINEERING. Third 



Lilt of On Plata and Diagnmi, 



sag 



Uf MvtiDpoUUA Bl 



HUMBER'S RECORD OF MODERN ENGINEERING. Fodrtb 
Series. Imp. 4(0. nilh 36 Double Plalei, Pbolognphic Porlrail orjaha 
Fowler, lata Pica. Insi. C.G., uid copioiia desciiptiTe Lellerpiesa. Speei- 
ficationa, be, £3 31. balf-morocco. 

Lial b/ the Plata and Diagrana. 

«« M^gpoUl (4pl«Sll Bursw Docki U HliUuid Ralliq| |t pliuij j St. Onnuu \C 

Sn, SL Hdaa'a Caaal BilHr (iplitoji K plutih Uilniir^ FutM Biantorj tUDo. 

Cumoa SBMt MmM ll»( CEuhiE Cish polttu txnrlix tUDwir M liliw); Hiibem 

RaOwnlspluaitiRaailBiUaaoiialftlUiai Faiti. and BnakwUaa (> pktaU. 
Hoka 7b pWaSi TdqiaiUc Appuniu in 
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MR. NUMBER'S ENGINEERING BOOKS—continued. 
Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
JN GIRDERS ANDSIMILARSTRUCTURES,AND THEIR STRENGTH. 
Consisting of Formulae and Corresponding Diagrams, with numerous details 
for Practical Application, &c. Bv William Huubbr, A-M.Inst.C.E., &c. 
Fifth Edition. Crown 8vo, nearly 100 Woodcuts and 3 Plates, 71. 6d, clotb 
" The fonnulae are oeatly expressed, and the diasrams gcod/'—jitMefurum. 
" We heartily commend this really karufy book to our w^rff and arcbitect readers.**— ^>V> 

Barlow's Strength of Materials, enlarged hyHumber 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Pbtbr Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgxinson, Fairbairn, and Kirkaldy; and 
Formulse tor Calculating Girders, &c. Arranged and Edited by W. HuubbRi 
A-M.Inst.C.E. Demy 8vo, 400 pp., with zq large Plates and numerous Wood- 
cuts, z8s. doth. 

" Valuable alike to the student, tirro, and tiie experienced practitioner. It wQ always rank la 
flature, as it has hitherto done, as the standard treatise on that particalar subject."— ^n^vMcr. 

" There is no firreater authority than Baxiaw."—Bi*iltUrt£' Nrws. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves of eveqr 
civfl engineer and practical mechanic"— jEn^if A Mechanic. 



Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for th* Formatum 0/ Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c., with 
Useml Problems, Formulas, and Tables. By Lieut.-General Froub, R.E. 
Fourth Edition, Revised and partly Re- written oy Major General Sir Charles 
Warrbn, G.C.M.G., R.E. With 19 Plates and 1x5 Woodcuts, royal 8vo, z6s. 
cloth. 

"The simple flict that a fburtfa edition has been csJIed for Is tiie best testimony to its merits. 
No words of praise from us can strengthen the position so well and so steadily maintained by tliis 
work. Sir Charles Warren has revised the entire work, and made such additions as were necessary 
to bring every portion of the contents up to the present date."— ^rwarf Arroww 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, 12s. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late Georob Watsok Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.B. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.CE. Royal 8vo, zas* 
cloth. 

*' The standard text-book for an ei^ineers regarding skew arches Is Mr. Buck's treatise, and 
would be impossible to consult a \ittter?'—£n£^H€er. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it As a guide to the engineer and ardil* 
tect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."- ^m»M>>v JV(ra/x. 

Water Storage, Conveyance and Utilisation. 

WA TER ENGINEERING : A Practical Treatise on the Measure- 
ment. Storage, Conveyance and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of " Sanitary Work in the Smaller 
Towns, and in Villages," &c. With numerous Illusts. Cr. 8vo, 7s. 6d. cloth. 
" As a small practical treatise on the water supply of towns, and on some applications of 
:er-power, the work is in many respects excellent.' —i?fffYn«rWM>^. 
" The author has collated the results deduced from the experiments of the most eminent 

authorities, and has presented them in a compact and practical form, accompanied by very clear 

and detailed explanations. . . . The apphcation of water as a motive power is treated very 

carefully and exnaustively."— .5 »t7(/«r. 

"For anyone who desires to begin the study of hydraulics with a consideration of the practical 

applications trf" the science there is no better gviidc."—ArchUe<t. 



water- 
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Statics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS, in their Practical AppU. 
cation to the Treatment of Stresses in Roo/st Solid Girders, Lattice, Bowstring 
and Suspension Bridges, Braced Iron A rcnes and Piers^ and other Frameworks, 
Bt R. Hudson Graham, C.B. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class-work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, x6i. cloth. 

**Mr. Graham's book will find a place whervrer graphic and analytic statics an used or stttdled." 
^'Bnginetr. 

'HThe work Is excellent from a practical point of view, and has erldentiy been prepared witb 
ffittch care. The directions for working are ample, and are illustrated by an abundance of well- 
selected examples. It is an excellent text-book for the practical draughtsman."— .^/A/MtfMm. 

StudenVs Text-Book on Surveying. 

PRACTICAL SURVEYING: A Text-Book for Students pre- 
paring for Examination or for Survey-work in the Colonies. By Georgk 
W. UsiLL, A.M.I.C.E., Author of "The Statistics of the Water Supply of 
Great Britain." With Four Lithographic Plates and upwards of 330 Illustra- 
tions. Second Edition, Revised. Crown 8vo, 75. 6d. cloth. 

" The best forms of histruments are described as to their construction, uses and modes of 
employment, and there are innumerable hints on work and equipment such as the author, in his 
experience as survevor draughtsmiin and teacher, has found necessary, and which the student 
in his inexperience will find most serviceable."— if M^»<^r. 

" The latest treatise in the English language on surveying, and we have no hesitation in say- 
bag that the student will find it a better guide than any of its predecessors .... 
uesenres to be recognised as the first book which should be put hi the nands of a pupil of Civil 
Engineering, and every gentleman of education who sets out for the Colonies would find it well to 
bavea copy."— Architect. 

"A very iiseful, practical handbook on field practice. Clear, accurate and not too con- 
densed."— yc;*''^^^ ^ £dttceUi0H, 

Survey Practice. 

AID TO SURVEY PRACTICE, for Reference in Surveying, LeveU 
lin^, and Setting-out ; and in Route Surveys of Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lowis D'A. Jackson, 
A.M.I.C.E., Author of " Hydraulic Manual," <« Modem Metrology." &c. 
Second Edition, Enlarged. Large crown 8vo, X2S. 6d. cloth. 

"Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can recommend 
this book as containing an admirable supplement to the teaching of the accomplished surveyor."— 
Athenaum, 

" As a text-book we should advise all surveyors to place it in their libraries, and study well the 
aiatured histructions afforded in Its pages."— Col/iery Guardian. 

" The author brings to his work a fortunate union of theory and practical experience which* 
aided by a clear and ludd style of writing, renders the book a very useful onie*"— Builder, 

Surveying, Land and Marine. 

LAND AND MARINE SC72?r£y/2^G, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns* Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction," &c. Second Edition, Revised, with Additions. Large cr. 8vo, 95. cl. 



" This book must prove of great value to the student. We have no hesitation in recommend 
.... . . ij^jjj - -- - .— .. 

uigei 
it as a carefully-written and valuable text-bo<dc It ex^oys a well-deserved repute among surveyors." 



<ng it, feeling assured that it wiu more than repay a careful iXyxdy."— Mechanical World. 

" A most useful and well arranged book for tne aid of a student. We can strongly recommend 



-^Builder. 

*' This volume cannot fail to prove of the utmost practical utility. It may be safely recommended 
to aU students who aspire to become clean and expert surveyors."— A/t>»»/^ Journal, 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting, 
out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub-£xcavating, Timbering, and the Construction 
of the Brickwork oi Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M.Inst.C.E. Third Edition, Revised and Extended by D. Kinnear Clark, 
M.Inst. C.B. Imperial Svo, with az Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

"The estimation in which Mr. Sfanms's book on tunneHing has been held for ever thirty years 
cannot be more truly expressed than in the words of the late Prof. Rankine : — * The best source of in< 
formation on the subject of tunnels is Mr.F.W.Simms'swork on Practical Tunnelling.'"— ^frAt/ceA 
" It has been r^arded from the first as a text book of the subject. . . . Mr. Clarke has added 



immensely to the value of the hook.,"— Engineer, 
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LeveUing. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Shewing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads: with Mr. Tblford's Rules for the 
same. By Fredbrick W. Simus, F.G.S., M.Inst.C.B. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railwav Curves, and 
Trautwine's Field Practice of Laying-out Circular Curves. With 7 Plates 
and numerous Woodcuts, 8vo, 8s. 6d, cloth. \* Trau twins on Curves 
may be had separate, 55. 

" The text-book on leveUiti^ in most of our engfneerinff schoob and co'0!eg9ii,"Sfi^iHur. 

** The publishers have rendered a substantial serrice to the profession, especially to the younger 
members, by bringing out the present edition of Mr. Simms's useful woxk,"^Sfi£tfU4rin£; 

Heatf Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By John 
KsiLY, C.B., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 35. M. cloth. 

Summary of Contents. 
Section I. Formulas and Data. 



Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV* Complex Frames and 

Plates. 
Section V. Thermal CoNDucTrviTV. 



Section VI. Mechanical Force op 

Heat. 
Section VII. Work of Expansion 

AND Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structure*, is a laudable one, for this is a branch of physics upon which the engineer or archi* 
tect can find but little reliable and comprehensive data 'm hooks."— Builder. 

" Whoever is concerned to know the effect of changes of temperature on such structures as 
suspension bridges and the like, could not do better than consult Mr. Keily's valuable and handy 
exposition of the geometrical principles involved in these changes."— .Sc9<!rmaM. 

JFractical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law, C.£. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor of Mathematics, Belfast College. 
With 13 Plates, 8vo, £1 is. cloth. 

" The engineer or architect will here find ready to his hand rules for sohring nearly every mathe- 
matical difl^cm^ that may arise in his practice The rules are in all cases explained by means of 
examples, in which every step of the process is clearly worked out.'''— Builder. 

" One of the most serviceable books for practical mechanics. . . It is an instructive book for 
the student, and a text-book for mm who. having once mastered tiie subjects it treats of^ needs 
occasionally to refresh his memory upon them."^BMiidiH£ Ntws, 

HydrauUe Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAS 

for finding the Discharge of Water from Orifices, Notches, Weirs, Pipn, and 

Rivers, with New Formulas, Tables, and Greneral Information on Rainfall. 

Catchment-Basins, Drainage, Sewerage^ Water Supply for Towns and Mill 

Power. By John Neville, Civil Engmeer, M.R.I.A. Third Ed., carefully 

Revised, with considerable Additions. Numerous lUusts. Cr. 8vo, 14s. cloth. 

" Alike valuable to students and engineers m practice ; its study will prevent the annoyance of 

avoidable failures, and assist them to select the readiest means of successfully carrying out any 

given work connected with hydraulic engineering."— Af^ni^ youmal. 

" It is, of all English books on the subject, the one nearest to completeness. . . . From the 
good asrangement <» the matter, the clear expl.anations, and abundance of formulae, the careful^ 
calculated tablM, and, above all, the thorough, acquaintance with both theory and constructioQt 
which is dis{dayed from first to last, the book w b« found to b« an acquisition. '—^nAAwA 

Hydraulics. 

HYDRA ULIC MANUAL, Consisting of Working Tables and 
Explanatory Teart. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lewis D'A. Jackson, Author of " Aid to Survey Practice," 
*< Modem Metrology," Ac. Fourth Edition, Enlarged. Large cr. 8vo, z6s. cl. 
" The author has had a^ide experience in hydraulic engineering and has been a carefhl ob- 
server of the facts which have come under his notice, and from the great mass of material at his 
command he has constructed a manual which may be accepted as a trustworthy guide to this 
branch of the engineer's profession. We can heartuy recommend this volume to all who desire to 
be acquainted with the latest develooment of this important s}xh^^cx,."— Engineering. 
" The standard-work in this department of mechnnios.' —Scotsman. 

** The most useflU feature of tnis work is its freedom from what is superannnatad, and its 
thorough adoption of recent experiments ; the text is, in &ct^ in great part a short account of the 
CVMt modem experiments."— Aro/Mfv, 
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I>rainage» 

ON THE DRAINAGE OP LANDS, TOWNS AND BUILD^ 
INGS. By G. D. Dbiipsbt, C.B., Author of **The Practical Railway En- 
^eer,** ftc Revised, with large Additions on Rbcbnt Practicb in 
Drainaob Bnoimbbrino, by D. Kinnbar Clarb, MJostCB. Aathor of 
"Tramways/' ** A Manual of Rules, Tables, and Data for Engineers," ftc. 
Second Edition, zsmo, 31. cloth. 

" The new mattar addad to Mr. Demptey's excdlent work b chaneterbed by tba comprefaeik- 
aive grasp and acouacy of datall for whioi tn« nama of Mr. D. K. dadlK is a samdant yoacher." — 
AtM^funtm. 

" As a work on racant pmctlca In dralaaga engfnoarinff, tba book Is to be commended to all 
who are making that btancn of engineering science their special *tadj."—/rvH. 

" A comprehansiTe manual on drainage engineering, and a useflil Introduction to the student.** 
Suildinf Ntwu. 

Tramways and their Working. 

TRAMWAJtS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Compreheasive History of the System: with an exhaustive 
Analysis ot the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of RoUini; 
Stock: and ample Details of Cost and Working Expenses: the Progress 
recently made in Tramway Construction, &c. ftc. By D. Kimhbar Clarb, 
M.Inst.C.E. With over aoo Wood EngravingSi and 13 Folding Plates. Two 
Vols., large crown 8vo, 301. cloth. 
" AH interested in tiamtvays must refer to It, as all railway englneerB have turned totheantfaoc's 

work ' Railway MtLdbinerj."'—£Mgifu*r. 

" An exhaustive and practical work on tramways, in which tiie history of this Und of locoma. 

tion, and a description and eoat of the Tarious modes of laying tramways, are to be found."— 

St*ildin£ News. 

" The best fonn of rails, the best mode of construction, and tiie best medianlcal ^>paanoes 

are so fairlv indicated in the work under review, that any engineer about to construct a tramway 

wiU be enabled at once to obtain the practical information which wiB be of most servioe to him.' — 

AtfuHoum, 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLiqUE ARCHES. By John Hart. Third Edition, with Plates. In> 
perial Bvo, 8j. cloth. 

Curves, Tables far Setting-out, 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for Settin^-oiU Curvet from 5 to 300 Radius. By Alexander Bbazelby, 
M.InstC^. Third Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 35. 6d. 
" Each table is printed on a small card, wUch, being placed on the theodoHte, leaves the hands 

free to manipulate tne instrument— no small advantage as regards the rapidity of ■wntk."—BH£iHeef. 
" Very bandy ; a man may know that all Ms day's work must f^ll on two of these cards^ which 

he puts into his own card-case, and leaves the rest behind."— s«fM<mrMM. . 

JEarthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments. Cuttings, ftc, of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbbnt, C.E., and Francis Caupin, C.E. Crown 
8vo, 5s. cloth. 

" The way in which accuracy is attained, by a simple division ot each cross section into three 
elements, two in which are constant and one variable, is 'mgeoious."—At/ieHaum, 

Tunnel Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAPTS : A 
Practical and Theoretical Essay, By J. H. Watson Bucb, M.Inst C.E ^ 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates, royal 8vo, x». cloth. 

" Many of the methods given are of extreme practical value to the mason ; and tiie observations 

on the form of arch, the rules for ordering the stone, and the construction of the templates will be 

found of consid»i^le use. We commend the book to the engineering profession."— ^w^&^/»^ Nems^ 

"Will be regarded by civil engineers as of the utmost valueb aaa calculated to save much time 

and obviate many mistakes."— C«Mfter> Guardian, 

Girders, Strength of. 

GRAPHIC TABLE POR PACILITATING THE COMPUTA^ 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimater. By J. H. Watson 
Buck, M.Inst.C.E. On a Sheet, is.Sd^ 
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Biver Engineering* 

RIVER BARS: The Causes of their Formation, and their Treat- 
ment by " Induced Tidal Scour; " with a Description of the Successful Re- 
duction bv this Method of the Bar at Dublin. By I. T. Mann, Assist. Eng. 
to the Dublin Port and Docks Board. Royal 8v0| 7s. oa. cloth. 

" We recommend all interested in harbour worlcs— and, indeed, those concerned in the tm- 
proyements of rivers generally— to read Mr. Mann's interesting work on the treatment of river 
b»xs."—£^gimer, 

Trusses 

TRUSSES OF WOOD AND IRON. Practical Applications of 
Science in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction,^ with Complete Worlung Drawings. By William 
Griffiths, burveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 

" This handy little book enters so minutely into every detail connected with the construction of 
roof trusses, that no student need be ignorant of these matters."— /Vu<^tf a/ Engiruer. 

MaUway Working. 

SAFE RAILWAY WORKING. A Treatise on RaUway Acci- 
dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement E. Stretton. C.E., Vice-President and Con- 
suiting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Second Edition, Enlarged. Crown Svo, 35. 6d. 
cloth. [Just published, 

" A book for the engineer, the directors, the managers ; and, in short, all who wish for informa- 
tion on railway matten will find a perfect encyclopaedia in ' Safe Railway Working. "^Railway 
Review. 

" We commend the remarks on railway signalling to all raOway managers, especially where a 



uniform code and practice is advocated."— ^«r^a/AV Railm/0y youmoL 
"The author maybe congratulated on having collected, in a very < 
valuable information on the prmcipal questions anecting the safe working of railways."— ^a»/- 



' The author may be congratulated on having collected, in a very convenient form, much 
.ble inform: ' 
way Engineer. 

Field'BooJc far Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 
TRA CTOR *S FIELD-BOOK. Consisting of a Series of Tables, with Rules. 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles bv sets of Tangents and Off- 
sets I and Earthwork Tables to 80 feet dee^, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, enlarged. Crown Svo, x». cloth. 



' ' The book is very handy ; the separate tables of sines and tangents to every minute win make 
it useful for numy other purposes, the genuine traverse tables exIsBag all the sua»."—Atkenaum. 

" Every person engaged in engineering field operations win estisute the importance of such a 
work and the amount of valuable tmie which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fuloeas of those given in this vohune."— iS«tfwqy News, 

Earthworkf Measurement of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 

C.B. With numerous Diagrams. Second Edition. i8mo, 2S. 6d. cloth 

" A great amonnt of practical information, very admirably arranged, and avidlable for rough 
estimates, as weD as for the more exact calculations required ia the engineer's and contractor's 
oiBces."— ^fftooyi. 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst<C.B« 
Second Edition, with 5 Plates. Royal 8vo, 5s. doth. 
The student cannot find a better little book on this subject."— f^tfimcr. 

Cast Iron and other Metals, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OP CAST 
IRON AND OTHER METALS. By Thomas Trbdgold, C.E. Fifth 
Edition, including Hodgkinson's Experimental Researches. Svo, las. cloth. 
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ConstmcUon. 

THE SCIENCE OF BUILDING : An Elementary Treatise on 
th§ Principles of Construction. By E. Wyndham Tarn, M.A«, Architect. 
Third EditioDi Enlarsed, with 50 Engravings. Fcap. 8vo, 4s, cloth. 
" A Tety vshiable book, which we strongly recommena to all stuaents.'''^BMilder. 
" No architectural student should be without this handbook."— ^rc*<lM: 

ViUa Architecture. 

A HANDY BOOK OP VILLA ARCHITECTURE : Being a 
Series of Designs for ViUa Residences in various Styles. With Onuine 
Specifications and Estimates. By C. Wickes, Author of *'The Spires and 
Towers of England," &c. 6z Plates, 4to, £i us. 6d. half-morocco, gilt edges. 1 
" The whole of the designs bear evidence of their being tlie work of an aztisdc arehitsc^ and 
tkey will prove very valuable and suggestive."— ^Mt/tft'iv^ /Vews. 

Text-Book for Architects. 

THE ARCHITECT'S GUIDE: Being a Text-Book of Useful 
Information for ArchitectSt EngineerSt Surveyors^ Contractors, Clerks of 
Works, &e. &c. By Frederick Rogers, Architect, Author of " Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. cloth. 

" As a text-book of useftil information for architects, engineers, surveyors, &c.. It would b« 
hard to find a handier or more complete little v6l\ime."~Staru&rd. 

" A young architect could haroly have a better guide-book."— TYm^r TratUs yaumal, 

Taylor and Cresy's Borne. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I. B.A., and Edward Crbsy, Esq. New 
Edition, thoroughly Revised bv the Rev. Alexander Taylor, M.A. (son of 
the late G. L.Taylor, Esq.). Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 13c Plates, half-bound, £1 3s. 
" Taylor and Cresy's work has from its first publication been ranked among chose professional 
boolcs which cannot be bettered. ... It would be difficult to find examples of drawings, even 
among those of the most painstaking students of Gothic, more thoroughly worked out than are the 
one hundred and thirty plates in this yoisaa»."—Archit€ct, 

Linear Perspective, 

ARCHITECTURAL PERSPECTIVE : The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 39 Folding Plates. By F. O. Ferguson. Demy 
8vo, 3S. 6d. boards. [Jvst published. 

Architectural Drawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture. By George Pynb. With 24 Plates, 4to, 
7s. 6d, boards. 

Sir JFtn. Chambers on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds, with a Memoir of the Author. 66 Plates, 4to, 
21S. cloth. 

House Building and Bepairing, 

THE HOUSE-OWNER'S ESTIMATOR ; or. What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
James D. Simon. A.R.LB.A. Edited and Revised by Francis T. W. Miller, 
A.R.LB.A. With numerous Illustrations. Fourth Edition, Revised, Crown 
8vo, 3s. 64. cloth. 
" In two years it will repay its cost a htmdx«d times omt."-~FiM, 

Cottages and ViUas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS 
How to Plan and Build Them. Containing 33 Plates, with Introduction, 
General Explanations, and Description of each Plate. By Jambs W. Bogus, 
Architect, Author of " Domestic Architecture," &c. 4to, los. 6d. cloth. 



ARCHITECTURE, BUILDING, etc. 15 

The New Builder^s Trice Booh, 1892. 

LOCK WOOD'S BUILDER'S PRICE BOOK FOR 1892. A 

Comprehensive Handbook of the Latest Prices and Data for Builders. 

Architects, Engineers and Contractors. Re-constructed, Re-written ana 

Further Enlarged, By Francis T. W. Miller. 700 closely-printed paees, 

crown 8vo, 45. cloth. [Just publisned. 

'• This book is a very useful one, and should find a place in every English office connected with 
the buildin? and engineerine professions."— /nt/Mx/rtVx. 

"This Price Boole has been set up in new type. . . . Ad vantagfe has been taken of the 
transformation to add much additional infonnation, and the volume is now an excellent book of 
reference."— ^rcAifec^. 

" In its new and revised form this Price Book is what a work of this k<nd should be— compre> 
hensive, reliable, well arranged, legible and well bouad."— British Architect. 

" A work of established reputation."— ^/A«n<?»m. 

" This very useful handbook is well written, exceedingly clear in its explanations and great 
care has evidently been taken to ensure accuracy." — Morning' Advertiser. 

Designing, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS. Containing Directions for 
takingDimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constantsfor Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities. Originally edited by Edward Dobson, Architect. 
With Additions on Mensuration and Construction, and a New Chapter on 
Dilapidations, Repairs, and Contracts, by B. Wymdham Tarn. M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuts, Crown Bvo, 7s. 6d, cloth. 

" Well fulfils the promise of its title-page, iuid we can thoroughly recommend it to the class 
for whose use it has been compiled. Mr. Tarn's additions and revisions have much increased the 
usefulness of the work, and have en>eciaUv augmented its value to students."— Engineering. 

"This edition will be found tnemost complete treatise on the principles of measuring and 
valuing artificers' work that has yet been puhUshed."— Building News. 

Tocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
SpecificatioDsfor Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts of a Building collectively. By A. C. Beato^n, Author of 
"Quantities and Measurements," &c. Sixth Edition, Revised. With 53 
Woodcuts, waistcoat-pocket size, is. 6d. gilt edges. IJust published. 

" No builder, architect, surveyor, or valuer should be without his ' Beaton." —Building News. 

"Contains an extraordinary amount of Information In daily requisition In measuring and 
estimating. Its presence In the pocket will save valuable time and txovLhle."— Building World. 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS: or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. By Professor T. L. Donaldson, P.R.LB.A., &c. New Edition, in 
One large vol., Bvo, with upwards of z.ooo pages of Text, and 33 Plates, 
£1 IIS. 6d, cloth. 
'In this work forty-fotur specifications of executed works are etven, including the spedfica* 




great extent, a 

rith the description of me works.' . . . It is vahiable as a record, and more valuable still as a 
book of precedents. . . . Suffice it to say that DooaUson's 'Handbook of Spedficati on s 
must be bought by all wnidfct*,"— Builder, 

Bartholomew and Bogers^ Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Survejror; and Builder. With an Essay 

on the Structure and Science of Modern Buildings. Upon the Basis of the 

Work by Alfrbd Bartholomew, thoroughly Revised, Corrected, andgreatlv 

added to by Frkdsrick Rogers, Architect. Second Edition, Revised, witn 

Additions. With numerous Illustrations, medium 8vo, 15$. cloth. 

" The coDection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work 

li too well known to need any recommendation m>m us. It is one of the books with which every 

young architect must be eqmpped ; for time has shown that the specifications cannot be set asidie 

through any defect in ihem."-'Architect, 
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Building ; Civil and Eecleaiastical. 

A BOOK ON BUILDING, Civil and Ealniastital, including 
Church ReMorilioo ; with the Theory of Domes aod ihn Greal PTramid, *e. 
Bt Sli Eoifi'HD Becistt, But., LL.D.,F.R. A. S., Author of "Clocki and 
W«teh«i uid Bells," *c. Setwnd Ediiion, EnLirged. FmJ- Svo, 5.. elolh. 

Ventilation of BaiMlnga. 

VENTILATION. A Text Book to the Practict of the Art or 
VinlilaHHg BuxUingi. With a Chapter unoa Air Teitini. B> W.P.Buchah, 
R.P., Sao^iry aad VeDlilaliait EnKioeer, Author oE " Plumbine," Ac With 
l;a IJlustratioDi. 11100,41. cloth boudi. [just fubliilinl. 

The Art of Plumbing. 



PLUMBING. A Ttxt Book to Ihi Practice of Ihi Art or Craft of 
Ihi Plumbir, wilh Supplmtnla'f Chaplin on Houit Ditimsi, imbaJying the 

— ' " leal Plimibcr. Sixth Edition, Enlarged lo 370 pages, and 380 

nt. iimo. 41, cloth boards. 
W»F»itbSKItiii3msilL(alprort»ori."-«j.ji^ "^ ' 



CeomeUictI Lines, Flguies and Curves. By E. W, f «»'«, M°A., Architect, 
Author of "The Scieoce of Building," &.c. Second Edition. With 173 lllos- 

The Science of €leometry. 

THE GEOMETRY OF COMPASSES; or. Problem! Resolves 
by the mrre Dacriptiimef Circla, ar.d Hii nil of Colourid Diaerams and 
Symiols. By 0L1TEiiBr>NE. Coloured Plates. CrovnSvo, 31. fii.cloth. 



DECO RATryB ART S, eto. 

Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITA TION OF WOODS 

AND UARBLES. tsTa-agbi and Practised by A. R. Vah dih Buna and t>. 
Vab DESBuacDirecioriofiho Rotterdam Paidtinj Institution. Royal folio, 
ISI by I2i is.. Illualraled with 14 full-tiie Coloured Plates: also 11 plolD 
Plates, compiluaEiSi Figures. Second and CbeiperBdUini. Price £> tii'&f, 
LiitB/Plala. 

bH TlidshKl Sjieciiiitn — *."m>1' ■^"'2 



If. St. Rt^ Euilili: EuUer OPBUlDU ud oj 
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Biee1wHerNe:Fr«lralBvyStiMofWofU» of 




DECORATIVE ARTS, etc. 17 

Hotise I>ecoration» 

ELEMENTARY DECORATION. A Guide to the Simpler 
Forma of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, &c. By Jambs W. Facsti Jun. With 68 Cuts, z2mo, as. 
cloth limp. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Paintingj the Arrangement of Colours in Apartments, and the 
principles of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By Jambs William Facby, Author of ** Elementary 
Decoration/* &c. With numerous Illustrations, zamo, 25. 6d. cloth limp. 
N.B,^The abovt Two Works together i» One Vol., strongly half-bound, $*• 

Colour. 

A GRAMMAR OP COLOURING. Applied to Decorative 
Painting and the Arts. Bv Gborob Fibld. New Edition, Revised, Enlarged, 
and adapted to the use 01 the Ornamental Painter and Designer. By Bllks 
A. Davidson. With New Coloured Diagrams and Engravings, zamo, 3s. M, 
cloth boards. 
"The book is a most ntefiii rtsutiu of tfid propetties of pigments."— ^MiZiilw'. 

House JPainting, Graining, etc. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual oi By Ellis A. Davidson. Sixth Edition. 
With Coloured Plates and Wood Engravings, zamo, 6s. cloth boards. 

" A mass of inlbonation, of use to the aaiateas and of value to the practical man."— r»^/£rA 
Mechanic. 

"Simply invaluable to the jroongster entering upon this particular calling, and highly service* 
able to the man who is practising hr-^Fumitun GaseOe, 

I>eeorators, Receipts for. 

THE DECORATOR'S ASSISTANT: A ModenL Guide to De- 
oxrative Artists and Amateurs^ Painters, Writers, Gilders, &c. Containing 
upwards of 600 ReceiptSi Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fourth Edition, Revised. 152 pp., crown 8vo, 15. in wrapper. 
" FuU of receipts of Tslue to decorators, painters, gflden. Ac The book contains the gist of 

larger treatises on colour and technical pro ce ss es . It would be difficult to meet with a work so full 

of varied information on the i>tiiBtv's axt."—BuiUtift£r ^fvs. 

" We recommend the work to idl vibiOt wfaethes mc jdeasure or profit, require a guide to decora. 

tion."— i>/MmAcr af$d Decorator, 

Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. MoYR Smith. Super-royal 8vo, with 3a fall-page Plates and numerous 
smaller Illustrations, handsomiely bound in cloth, gilt top, price i8s. 
" The book is weD Illustrated and handsomely got up. and contains some true criticism and a 



good many good examples of decorative treatment. — TXe Builder. 

" This is the most elaborate and beautiful work on the artistic decoration of interiors that we 
have seen. . . . The scrolls, panels and other designs f^em the author's own pen are very 
beautiful and chaste : but he takes care that the designs of other men shall figiure even more than 
his oym."'— Liverpool A IbioH. 

" To all who take an interest in daborate domestic ornament this handsome volume will be 
^^icaam."— Graphic 

British and Foreign Marbles. 

MARBLE DECORATION and the Terminology of British and 

Foreign Marbles. A Handbook for Students. By Gborgb H. Blaorovb, 

Author of " Shoring and its Application," &c. With a8 Illustrations. Crown 

8vo, 3*. 6J. cloth. 

** This most usefU and much wanted handbook should be in the hands of every architect and 
Y»x\Avr:'—Suildinsr World, 

" It is an excellent manual for students, and interesting to artistic readers gererally."— So/MroCay 
Review. 

" A carefully and usefully written treatise ; the work is essentially practical."— ^APllrmaw. 

Marble Working^ etc. 

MARBLE AND MARBLE WORKERS : A Handbook for 

Architects, Artists, Masons and Students. By Arthur Lee, Author of " A 

Visit to Carrara," ** The Working of Marble," &c. Small crown 8vo, s«. cloth. 

" A really valuable addition to the technical Uterature of architects and masons."— ^mAMn;^ 

News. 

C 
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DELAMOTTE'8 WORKS ON ILLUMINATION AND ALPHABETS. 



A PRIMER OP THE ART OP ILLUMINATION, hr the Use of 
Beginntn : with a Radimtntary Treatise on the Art. Practical Directions for 
its exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Coloars. By F. Dslamottk. Mew and Cheaper Edition. Small 4to, 6s« orna- 
mental boards. 

"TIm enmplet of andent MSS. ncomiiMiidcd to ttie itndont which, wldi mncfa sood senses 
Hm author chooies from coUectiont acoouibie to all, aia «el«cto<l with {udcnoDt and knowledge, 
aa wall a« tuf.''-^th4iuntm, 

ORNAMENTAL ALPHABETS, Ancient and Mediavah from the 
Eighth Century, with Numerals: including Gothic, Chnrch-Text, large and 




Missal Painters, Masons, Decorative Painters. Lithographers, Eafjavers, 
Carvers, &c. &c. Collected and Engraved bv F.Dblamottb, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, as. 6d, ornamental 
boards. 

*' For those who faiaartaoaawBed tentanoas looadglldad chaHcai; who Maxon ihop i^penda ore* 
shop-doorii who lattar church walls with pithy santencos from the Dacaloguab this boolc will be nse- 
AiL -~AtM4mntm, 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental ; 
including German, Old Enelish, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing^ Tuscan. Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, ana an Analysis of the Roman and OldEnuish 
Alphabets, large and smau, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Eneravers, Carvers, &c. 
Collected and Engraved by F. Dexj^motts, and printea in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, as. 6d, ornamental boards. 

"There is comprised in It erery ponlble shape Into which the letters of the alphabet and 
wmwrals can be formed, and the talent which lias been expended in ttie conception of the vaxioua 
plain and ornamental letters is wonderfiiL"— cStemfarA 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NA TORS. B^ F. G. Dklamottb. Containing si Plates and Illuminated 
Title, printed m Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 
" A volume In which the letters of the alphabet come forth glorified in gildhig and all the colonrs 

of the prism interwoven and intertwined ana intermingled."— ^mi*. 

THE EMBROIDERER'S BOOK OF DESIGN, Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modem Alphabets, and National Emblems. Col- 
lected by F. Dklamottb, and printed in Colours. Oblong royal 8vo, is. 6d, 
ornamental wrapper. 

"The book will be of great assistance to ladles and young chfldren who are endowed with th 
art of plying the needle in this most ornamental and usenil pretty wokk,"— East AMgUan Times. 



Wood Carving, 

INSTRUCTIONS IN WOOD-CARVING, for AmaUurs: with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, 2S. in emblematic wrapper. 

" The handicraft of the wood-carrer, so well as a book can hnpart It, may be learnt fifom ■ A 
Lady's' publication."— ^/A«M«Mm. 

" The directions given are plain and easily understood."— £^<rA JHechanic 

Glass JPainting* 

GLASS STAINING AND THE ART OF PAINTING ON 

GLASS, From the German of Dr. Gessert and Emanuel Otto Frombbro. 
With an Appendix on The Art of Enamsllimo. lamo, as. 6d, cloth limp. 

Letter JPainting. 

THE ART OF LETTER PAINTING MADE EASY. By 
James Greiq Badsnoch. With 12 full-page Engravings of Examples, zs. 6d, 
cloth limp. 

" The system is a simple one, but quite orlgfnti, and well worth the carsAd attention of letter 
painters. It can be easily mastered and remembered."— ^MiAfifnic' Ngmu, 



CARPENTRY, TIMBER, etc. 19 

OABP ENTRY, TIMBER , etc. 
IYedgold'8 Carpentry^ Revised <0 Enla/rged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY, 
A Treatise on the Pressure and Equilibrinm of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay 
on the Mature and Properties oi Timber, &C;. with Descriptions of the Icinds 
ef Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
oer for different purposes, ihe Specific Gravities of Materials, &c. By Thomas 
Trbdoold, C.B. with an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Seventh Edition, thoroughly revised and considerably 
enlarged by E. Wyndham' Tarn, M.A., Author 01 "The Science of Build- 
ing," &c. with 61 Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £1 S^* cloth. 

"Oufifht to b« in eTeiy architect's and crery bonder'c Ilbrtnr."— ^M^U^r. 
** A work whose monumental excellence must commend it wnererer skilful carpentry Is con- 

oeined. The author's principles are rather confirmed than impaired by time. The additional 

plates are of great intrinsic wu^'^^BuiUUt^ News, 

Woodworking Machinery, 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and the Economi- 
cal Conversion of Timber; Illustratedlwith Examples oi Recent Designs by 
leading En^sh, French, and American Engineers. By M. Powis Bale, 
A.M.Inst.CE., M.I.M.B. Large crown 8vo, 12s. td, cloth. 
" Mr. Bale is evidwitly aa expert on the subject and he has collected so much information diat 

Ciis book is all-sufficient for builders and others engaged in the converaon of ^Smhtt."— Architect. 
"The most comprehensiTO compendium of wood*working machinery we have se4&. The 

author is a thorough master of hi* sMi^dL^'—Building News, 

" The appearance of this book at the present time wilL we Should diink, give a considerable 

Impetus to the onward march of the machinist engaged in the designing and manufacture of 

wood-working machineSi It should be in the office of every wood-working bctory."~'Efi£iuh 

ifechatUc, 

Saw Mills. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to " Wood work- 
ing Machinery.") By M. Powis Balk, With numerous Illustrations. Crow 
8vo, 105. 6d. cloth. 
" The admtnistration of a large sawing establishment is discussed, and the sublect examinow 

flrom a financial standpoint We could not desire a more complete or practical treatise."— ^MtV^cr. 
" We highly recommend Mr. Bale's work to the attention and perusal of all those who are en* 

gaged in the art of wood conversion, or who are about building or remodelling saw-mills on im- 

prored principles."->^MiMKnig Neva, 

Carpentering. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters: comprising all the Elementarv Principles essential for acquiring a 
knowledge of uarpen try. Founded on tne late Peter Nicholson's Standard 
Work. A New Edition, Revised by Arthur Ashpitbl, F.S.A. Together 
with Practical Rules on Drawing, by Gborqb Pymb, With 74 Platesi 
4to, £1 It, cloth. 

Handrailing and Stairhuilding* 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing*up, and Squaring the Wreath. By Georob 
C0LLINO8. Second Edition, Revised and Enlarged^ to which is added A 
Treatise on Stairbuildino. With Plates ana Diagrams, zamo, 2s. M. 
cloth limp. 

** Will be found of practical utiUty In the execution of this difficult branch of]o\Tiery."'-BuUtUr, 
** Almost every difficult phase orthis somewhat intricate branch of Joinery is elucidated by the 
aid of plates and explanatory letterpress."— ^MrnM^rc GoJUtte, 

Circular IPP'ork 

CIRCULAR WORK IN CARPENTRY AND JOINERY : A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
Georoe Collinos, Author of " A Practical Treatise on Handrailing." Illus- 
trated with numerous Diagrams. Second Edition, ismo, as. 6d, cioth limp. 
" An excellent example of what a book of this kind should be. Cheap in price, clear in defini« 

tion and practical in the examples selected."— Z^MiMir. 
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Tifnber Merchant's Companion* 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PAN ION, CoDtmining Ntw and Copioni Tables of the Redaced Weight and 
MeasnremeBt of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
riven Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of co Feet; tne proportionate 
Value oi Deals and Battens by the Standard, to Square Timber by the Load 
of 50 Feet ; the readiest mooe of ascertaining the Price of Scantling per 
Lineal Foot of any size, to any |;iven Figure per Cube Foot, &c. &c. Bj 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cl. 
*< We ara glad to tee a fourth edition of these admirable tables, which for cofxectiiess and 

riaapHrity of arrangement leare nothing to be desired."— TVmAcr TnuUs journal. 

"An exceeding^ weil-arranffed, oiBar, and condae auumal of tables tor the use of all who bay 

or aeD tlnher."— TMrno/ «^ forutvy. 

JPraetiecU Timher Merchant 

THE PRACTICAL TIMBER MERCHANT. Being a Gnide 
for the use of Building Contractors, Surveyors. Builders, &c., comprisixrg 
useful Tables for all purposes connected with tne Timber Trade, Marks of 
Wood. Essay on the Strength of Timberi Remarks on the Growth of Timber, 
&c. By W. Richardson. Fcap. 8vo, ^s. 6d. cloth. 
••This handy manual contains much valuable infomiation for the use of timber merchants* 

buUders. forester^ and all others connected with the growtl^ salsb and manuCuture of timber."— 

Journal^ Ftrtstry, 

Timber Freight Book* 

THE TIMBER MERCHANTS, SAW MILLERS, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By wzluaii 
Richardson, Timber Broker; together with a Chapter on '* Speeds of Saw 
Mill Machinery," by M. Powis Bale, M.LM.E., &c. x2mo. 3s. 6d, cl. boards, 
"A Tory useful manual of rules, tables, and memoranda relating to the timber trade. We re* 

commend it as a compendium of calculation to all timber measurers and merchants, and at >ai>|>l!y- 

big a real want in the tndt,"—£uiJdifi£- News. 

Backing'Case Makers^ Tables for. 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing*Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oolong 4to, 3s. 6d, cl. 
*' Invaluable labour-saving tables."— /fVMmoytfvr. 
** Win save much labour and calculatioo."— ^rrooir. 

Superfleial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA^ 

' SUREMENT. Tables calculated from z to 200 inches in len^h, by x to xe8 

inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 

Merchants. Builders^ &c. By James Haweinqs. Third Sdition. Fcap., 

3s. 6d. doth. 

" a uaeAil collection of tables to ftdlitate raoid calculation of surfiKes. The exact area of any 

sorface of which the limits have been ascertainea can be instantly determined. The book win b« 

found of the greatest utility to all eosraged in building ooerations."— 5'<»^:rMiaH. 

" These tables will be found of great assistance to all who require to make calculations in supes^ 
licial measuremenL"— f ly/irA Mtehanic. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to aflford In- 
formation concerning the Planting and Care of Forest Trees for Ornament ctt 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
HouQH. Large crown 8vo, xos. cloth. 

Timber Importer's Guide. 

THE TIMBER IMPORTER '5, TIMBER MERCHANTS AND 
BUILDER'S STANDARD GUIDE, ■ By Richard E. Grandt. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
VeUues and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. i2mo, 2S. cloth limp. 
** Ererythinfif it pretends to be : built up gradually, it l«uls one from a forest to a treenail atnd 

throws in, as a makewdgfat, a host of materia cnacttntag bricks, columns, cisterns, 8LC."-^Ef^£-l%sM 

Michanie. 
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MARINE ENQINEERING, NAYIQATION, etc. 
Chain Cables. 



CHAIN CABLES AND CHAINS. Comprising Sizes and 




Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. Bv Thomas W. t£\ill, F.B.R.N., 
M. Inst. C.E., Engineer Surveyor in Chief, Beard of Trade, Inspector 01 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establismnents. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £z 2S. cloth, 
bevelled boards. 

" It contains a rast amoant of valuable Information. Nodilngf seems to be waafing to make It 
a complete and standard work of reference on the sahi^ct,"— Nautical MagoMiru, 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.B. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.B., 
Senior Surveyor to the Board of Trade at Liverpool. X2mo, 55. cloth boards. 
" Well adapted to glre the young steamship engineer or marine eogine and boQec maker a 

general introduction into his practical wotk."^Afechafticai fVor/tL 

" We feel sure that this thoroughly revised edition will continue to be as popular In the future 

as it has been in the past, as, for its size, it contains more useful infonnation than any similar 

tseatise."— /mfM/rJw. 

The infonnation given is both sound and sensible, and well qualified to direct young sea* 

going hands on the straight road to the extra chief's certificate. Most useftil to survejors, 

inspectors, draughtsmen, and all young engineers who take an interest in their profession."— 

Glasgow HertM. 
"An Indispensable manual for the student of marine engineering."— Z,^twy^00/ Mtratry, 

BocheUBooJcfor Naval Architects and Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Fomnaa,Rules,and TabUs,and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book of Reftrenct. By Clement Mackrow, 
Member of the Institution ot Naval Architects, Naval Draughtsman. Fourth 
Edition^ Revised. With numerous Diagrams, &c. Fcap., i2S, 6d. strongly 
bound m leather. 
" win be foxmd to contdn the most useful tables and formulae required by sh^builders, carefully 



collected from the best authorities, and put together in a popular and simple form."— iff«if ^mt. 
" The profiessional shipbuilder has now, m a convenient and accessible foi 
dug many of the numerous problems that present themselves in the course < 
"Ttiere is scarcely a subject on which a naval architect or shipbuilder can require to refresh 



solving many of the numerous problems that present themselves in the course of his work."— /non 
"Ttiere is scarcely a subject on which a naval architect or shipbuilder can require to refresl 
his memory which will not be found within the covers of Mr. Mackrow's hook,"— Sn£fisMMtcMaHic 

Bocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULM FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 45. 
" We recommend It to our readers as going far to supply a long-felt vnat."—Natfal Scitftc$. 
"A most useful companion to all marine engineers."— £^iKMf Service Gtutttg, 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marine 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management of 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Useful 
Tables. By John Sherrbm Brewer, Government Marine Surveyor, Hong- 
kong. Smallcrown 8vo, as. cloth. 

" Contains much valuable information for the class for whom it is Intended, especially in the 
chapters on the management of boilers and engines."— A^aw/M-a/ Magazine, 
** A useful introduction to the more elaborate text boolcs." — Scotsman. 

" To a student who has the requisite desire and resolve to attain a thorough knowledge, Mr. 
Brewer offers decidedly useful lye\p,"—Athenaufn, 

Navigation. 

PRACTICAL NAVIGATION. Consisting of The Sailor's 
Sea-Book, by James Greenwood and W. H. Rosser; together with the 
requisite Mathematical and Nautical Tables for the Workmg of the Problems, 
by Henry Law, C.E., and Professor J. R. Young. Illustrated, xamo, 7s. 
strongly half-bound. 
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MININa AND METALLURGY. 



MetaUiferouB Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the Histofy, Discovery, PraOicai 
Divthpnuni, and Future Prosputt of Metalli/erous Miius in the UniUdKing' 
dom, Bv Robert Humt, F.R.S., Keeper of Mininc Records ; Editor of 
*' Ure't Dictionary of Arte, Manidactnres. and Mines,*^ Ac. Upwards of 950 
pp., with 230 lUustrations. Second BdiUon, Revised. Super-royal 8to» 
£3 as. cloth. 

''OneortlieiBOftTalaablewoitiorrafemiMoriiiodentliiiet. Mr. HiiBl;ukieaperormlnliis 
raooffds of dM United Kingdom, has had opportuoitias for lach a task not aqjojred bj anyone ds^ 
and has OTldendy made the most of them. . . . The language and style adopted are good, and 
the treatment or the various sub»iects laborious consdenttoui^ and scientific."— ^>tf<Mer«v. 

"The book is, hi fac^ a treasure-house of stttlstical faiformation on mining subjects, and we. 
know of no other work embodying so great a mass of matter of this Iclnd. were this the only 
merit ef Mr. Hunt's volume, it would be sufficient to render it indispensable In this library of 
everyone interested in the devetopment of the mining and metaDusglcal mdnstriesof this country.*^ 
— Ath4fueufn» 

" A mass of infonnatloo not elsewhere available^ and of the gnatestwJne to those iriw may 
be Interested in our great minerBl industries."— JEn;jT'M/»r. 

"A soumL bnifiess like collection of bteresdng fiicts. . . . The anxmnt of faiformatioB 
Mr. Hunt has brought togedier is enormous. . . . The volume appeazs^Ukely to convey 



instruction upon the subject than any work hiHiarto pnblidied. *— Jftwwy y^mnuU, 

Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, Desitined as. 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Calsb Pamsly, Mining 
Engineer and Surveyor; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute ot Mining Engineers. With nearly 500 Plans, Diagrams, and other 
Illustrations. Medium 8vo, about 600 pages. Price £i 51. strongly bound. 

[Just published^ 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OP THE UNITEJy 
KINGDOM, Comprising a Description of the Coal Fields, and of the 
Principal Seams ot Coal, with Returns of their Produce and its Distribn- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety; and a History ot 
the Rise and Progress of Pig Iron Manu£aeture. By Richard Meadb, Assistant 
Keeper of Mining Records. With Maps. 8vo, £1 8s. doth. 
"The book Is one which must find a pkce on the thehres of all Inteiesled In coal and Iroa 

production, and in tlm iron, steel, and other metallurgical ia&asitiim,''—Bfigine€r. 

" Of this book we may un r e ser v e d l y say that it is the best of its class which we have ever met, 
. . A book of reference which no one engaged la A* faron or coal trades should omit from his 

library. "x-Tinm tutd Coal TVadu Review, 

Frospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
specter and Traveller in Search of Metal-Bearing or other Valuable Minerals* 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Edition, thoroughly Revised and Enlarged. Small 
crown 8vo, 3s. 6d» cloth. 

" WHl supply a much felt want; espedally among Colonists. In whose way are so often thrown 
many mineralogical specimens the value of which it is difficult to determine.*— ^ftf^ewMr. 

"How to Imd commercial minerals, and how to identify them when they are found, are th« 
leading points to which attention is directed. The author has managed to pack as muchbracticcil 
detail into his pages as would supply material for a book three times its sixe."— i/tf»^>v Joumai, 

Mining Notes and Form,ul<B. 

NOTES AND FORMULM FOR MINING STUDENTS, By 

ioHN Herman Mbrivalb, M.A., Certificated Colliery Manager, Professor of 
fining in the Durham College of Science, Newcastle-upon-Tyne. Thir<i 
Edition, Revised and Enlarged. Small crown 8vo, 2S. 6i. cloth. 
" Invaluable to anyone who is working up for an examination on mining subjects."— CMi/amf 
/ran TnuUs Revtevt, 

** The author has done hb work (n an exceedfaigly creditable manner, and has produced a book 
that will be of service to students, and those who are practically engaged in mining opoattons."— 
Etiffineer. 

" A vast amount of technical matter of the utmost value to mining engineers, and of considesw 
able interest to students."— yScAoo/majiirr. 
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Explosives^ 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine and other Explosive Compounds. Including the 
Manufacture of CoUodion-Cotton. By M. Bissler, Mining Engineer and 
Metallurgical Chemist, Author of " The Metallurgy of Gold," &c. With 
about zoo Illustrations. Crown 8vo, los. 6d. cloth. 

" Usefhl not only to the miner, but also to officers of both services to whom blasUn^^ and the 
use of ezplosiTOS generally may at any time become a necessary auxiliary."— iVa/wr;. 

" A Teritable mine of mformadon on the subject of exi]dosiVes employed for military, mining 
and blasting piiipo9BS."—Artny and N«vy Gaxette. 

" The book lis dearly written. Taken as a whole, we consider it an excellent little book and 
one that should be found of great service to miners and others who are engaged in work reqidring 
the use of explosiTes."— ^MciMwm. 

Goldf Metallurgy of. 

THE METALLURGY OF GOLD : A Practical Treatise on the 
Metallurgical Treatment of Gold-bearing Ores. Including the Processes of 
Concentration and Chlorination, and the Assaving, Melting and Refining of 
Gold. By M. EissLBR, Mining Engineer and Metallurgical chemist, formerly 
Assistant Assayer of the U. S. Mint, San Francisco. Third Edition, Revised 
and greatly Enlarged. With 187 Illustrations. Crown 8vo, X2s. 6d. cloth. 

" This book thoroughly deserves its title of a * Practical Treatise.' The whole process of gold 
mining, from the breaking of the quartz to the assay of the bullion, is described in clear and 
orderfy narrattve and with much, but not too much, iumess of dtHsaL"— Saturday Reznew. 

** The work is a storehouse of information and valuable data, and we strongly recommend it to 
an professional men engaged in the gold-mining industry."— Jlfcw/M^ youmtu 

Silver J Metallurgy of* 

THE METALLURGY OF SILVER : A Practical Treatise on 
the Amalgamation, Roasting and Lixiviation of Silver Ores, Including the 
Assaying, Melting and Refining of Silver Bullion. By M. Eisslbr, Author 
of "The Metallurgy of Gold '* Second Edition, Enlarged. With 150 Illus- 
trations. Crown ovo, los. 6d. cloth. IJttit published. 

" A practical treatise^ and a technical work which we are convinced wiU supply a long-felt want 
amongst practical men, and at the same time be of value to students and others induectly connected 
with tne mdustries."— il/VM^rV y<ntmal. 

" From first to last the book is thoroughly sound and reliable."— CoUiery Guardian* 
*' For chemists, practical miners, assayers and investors alike, we do not know of any work 
on the subject so handy and jret so comprehensive."— (rAur/w Herald* 

Silver'Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modem Furnaces and Plants in Europe and America. By 
M. EissLER, M.E., Author of "The Metallurgy of Gold," &c. Crown 8vo. 
400 pp., with numerous Illustrations, 12s. 6d. cloth. [Just published. 

Metalliferous Minerals and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING, By D. C. Davzbs, F.G.S., Minine Engineer, &c.. Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition, carefully Revised. Crown 8vo, 12s, 6d, cloth. 

" Neither the practical miner nor the general reader interested in mines canhave a better book 
for his companion and his guide.".— Minifur youmat. iMinitur World. 

" We arc doing our readers a service m calling their attention to this valuable work.' — 
" As a history of the present state of mining throughout the world this book has a real vahie, 
and it suppUec an actual want."— ^M^mamm. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY &- OTHER MINERALS AND 
MINING. By D. C Davibs. F.G.S. Uniform with, and forming a Com- 
panion Volume to, the same Author's " Metalliferous Minerals and Mining." 
With 76 Wood Engravings. Second Edition. Crown 8vo, Z25. 64. cloth. 

" We do not remember to have met with any English work on mhiing mattea that contains 
the same amount of information packed in equaUy convenient form."— ^coMmy. 

" We should be inclined to rank it as among the very best of the handy technical and trades 
manuals which have recently appeared."— ^rtV*.rA Quarterly Review, 
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Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a TrutHu (m Improved Mining Surveying and the Valuof 
Uon of Mining ProperHet, with New Travene Tables. Bv Wm. Lxmtbrh, 
M inlnf and Civil Engineer. Third Edition, with an Appendix on " Magnetic 
and Angular Survermg/' with Records of the Pecaliarities of Needle Dis- 
CiuiMBcea. With Four Plates of Diagrams, Plans, Ac. xamo, 4s. cloth. 

** Mr. Uattffii'c book fonnt a vabisblo and Oorongfaly trustworthy goldo."— /rvft and Coat 
Trmdu JttvUm, 

" This now odltloa onst be of Hm UglMSt valiM to coUiory tttrrqron, praprlelon and nucaa- 
rats."— CMMrry Gtutrdian, 

Asbestos and its Uses. 

ASBESTOS : Its Properties ^ Occurrence and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With 

Bight Collotype Plates and other Illustrations. Crown 8vo, zas. 6d, cloth. 

" An interoatinir and faiTalttaUa wohu'—CotUtrv Guardian. 

** Wa counsol our raaden to get this awceadlngty Intarestinjf work for themselTes; they -will 
find in k much that is saggastfra^ and a graat dtal that is ofiounediate and practical usefulness." — 
BuikUr. 

" A Taluable additfon to the arcUtacffe and engineer's Vib/nxj."— Building^ News. 

Underground Pumping Machinery. 

MINE DRAINAGE, Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stsphbn 
MicHBLL. 8vo, 15s. cloth. 
*'WiII be highly esteemed by collleqr owaeis and lessees, mfailng enslneers, and stndents 

MneraDy who require to be acquaintod with the best means of securing the drainage of mines. It 

Is a most valuable worlc, and stands almost alone in the literature of steam pumping machinery." — 

C ag f to y Gttardian, 

" Much Taluable information Is given, so that the book Is thoroughly w<Mrthy of an exteosiTe 

dfoalation amongst practical men and purchasers of machinery."— Jj/jfotfnyr youmal. 

Mining Tools. 

A MANUAL OP MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, xamo, as. 6d, cloth limp. 

ATLAS OP ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 4s. 6d. cloth. 
" Students in the science of mining, and overmen, captains, numagers. and viewers may gain 

piactical knowledge and useful hints by the study of Mr. Morgans' iaaxuial.''—CoUiefy Guardian. 
"A valuable work, which will twtd materially to improve our mining literature."— Jfcnx^n^ 

yournal. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
the late Sir Warington W.Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations. I2m0| 4s. cloth boards. 
" As an outline is given of every known coal-field in this and other countries, as well as of the 

Blndpal methods of working, Uie book win doubtless interest a very large number of readers." — 
iHiM£ journal. 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. lUust. x2mo, 3s. cloth boards. 

Oranite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES, By 
George F. Harris, F.G.S., Membre de la Soci6te Beige de G^olode, Lee- . 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown 8vo, 25. 6d. cloth. 
" A clearly and well-written manual for persons engaged or interested in the granite industry." 

—ScotsmaH. 

" An interestlne work, which will be deservedly esteemed."— Colliery Guardian. 

" An exceedinifly interesting and valuable monograph on a subject which has hitherto reqetred 

unaccountably little attention in the shape of systematic literary treatment."— Jco/Tu-A Leader, 
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ELECTRICITY ELECTRICAL ENGINEERING, etc. 
Electrical Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OF 
MODERN RULES, FORMULA, TABLES AND DATA, By H. R. 
Kemps, M.InstE.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, 
Author of <' A Handbook of Electrical Testing/' &c. With numerous Illus- 
trations, royal aamo, oblong, 55. leather. \Just published. 

" Tbere is very little in tlie shape of fonnulae or data which the electrician is likely to want 
In a hurry which cannot be found in its pages."— Practiea/ Bnginur. 

"A Terv useful book of reference for daily use in practical electrical engineerins and its 
various appucatiens to the industries of the present day."— /r^M. 

" It is the best book of its \isA."— Electrical Engineer. 

" The Electrical Enefateer's PocketpBook is a good wMt.'''-EU<^HciaH, 

" Strong^Iy recommended to those engaged in tne various electrical industries."— f^^y'M^o/ 
Review, 

Electric lAghting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John W. Urquhart, Electrician, Author of " Electric Light," &c. 
With numerous Illustrations, crown 8vo, 55. cloth. [j^**** published. 

" This volume deals with what may be termed the mechanics of electric lighting, and is 
addressed to men who are already engaged in the work or are training for it. The work traverses 
a great deal of ground, and may be read as a sequel to the same author's useflil work on ' Electnc 
L^ht.' "—Electrician. _, ^ 

** This is an attempt to state in the simplest language the precautions which should be adopted 
in installing the electric light, and to give fnformation.tor the guidance of those who have to run 
the plant when Installed. The book is well worth the penisal of the workmen for whom it is 
yri'itbeaJ'—BlectriceU Review. , 

" Eminently practical and usefuL . . . Ought to be in the hands of everyone in charge of 
an electric light pluit."— Electrical Engineer. 

" A really capital boolc, which we have no hesitation in recommending to the notice of working 
electricians and electrical 9Dgiae&[S."—MecAantcal florid. 

Electric lAght. 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Dynamo-Electric Machines, Batteries. 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author of 
" Electric Light Fitting," &c. Fourth Edition. Revised, with Large Additions 
and 145 Illustrations. Crown 8vo, 75. 6d, clotn. [.J^^* published. 

*' The book is by £u the best that we have yet met with on the sahi^ct."— A tkenaum. 
"It is the only work at present available wluch gives, in language intelligible for the most part 

to the ordinary reader, a general but concise history of the means which have been adopted up to 

the present time in produdng the electric VghW^JfetropaUtan. 

*'The book contains a general account of the means adopted in produdng the electric light, 

Kot only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 

machine in several of its toaas."— Colliery Guardian, 

Construction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and Electricians in Charge, With Examples of 
leading English, American and Continental Dynamos and Motors. By J. W. 
Urquhart, Author of " Electric Light," &c. Crown 8vo, ys. 6d. cloth. 

[Just published. 
" The author has produced a book for which a demand has long ezisteol The subject is 
treated in a thoroughly practical mannitt."— Mechanical IVorld. 

Dynamic Electricity and Magnetism. 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
MAGNETISM. By Philip Atkinson, A.M., Ph.D. Crown 8vo. 400 pp. 
With 120 Illustrations, zos. 6^. cloth. IJust publish>.d. 

Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OP ELECTRICITY. By 
Hbnrt M. Noad, Ph.D.. F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Preecb, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, t2s. 6d. cfoth. 
" We can recommend Dr. Noad's book for dear style, great range of subject; a good index 

and a plethora of woodcuts. Such collections as the present are indispensable. — Athenetum. 
" An admirable text book for every student — beginner or advanced — of electricity."^ 

Engineering. 
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Electric lAghtingm 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING, Bt Alan A. Campbell Swinton, Associate I^E.E. Second Edition, 
Enlargea and Revised. With x6 Illustrations. Crown 8vo, zs. 6d, cloth. 
"Anyone who d«rirM a ihort and thoroughly clear exposition of the dmaentaiy prindptes oi 
•lectrlc-Ughtinff cannot do better than read this little •woxk.'^—Breul^bnl Obstrvtr, 

Electricity. 

A MANUAL OP ELECTRICITY: Including Galvanism, Mag- 
netism, Dia^Magnetism, Electro-Dynamics, Magno-Electricity, and the Electric 
Telegraph, By Hsnrt M. Noad, Ph.D., FJLS., F.C.S. Fourth BditioxL 
With 500 Woodcuts. 8vo, £1 45. cloth. 
" It is wortiiy of a place in the library of erenr public institution."— J/wc^r JpurtuO, 

I>ynamo Construction. 

HOW TO MAKE A DYNAMO : A Practical Treatise for Amateurs. 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. Bv Alfred Crofts. 
Third Edition, Revised and Enlarged. Crown 8vo, 25. cloth. 
"The instnictions given in this unpretentious little boolc are sufficiently clear and explicit to 

enable any amateur mechanic possessed of average skill and the usual tools to be found in an 

amateur's woricshop, to build a practical dynamo ma.ci^^"— Electrician, 
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Pneumatics and Acoustics. 

PNEUMATICS : including Acoustics and the Phenomena 0/ Wind 

Currents, for the Use of Beonners. By Charles Tomlxnson, F.R.S. 

F.C.S., &c. Fourth Edition, Enlarged. lamo, zs. 6d, cloth. 

" Beginnen in the study of this Important application of science could not have a better manual." 
mmScoisman. " A valuable and suitable text-book for students of Acoustics and the nieno- 
mena of Wind Caneati,"~-Sc/Uoim4Uter, 

Conchology. 

A MANUAL OF THE MOLLUSC A : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S.. F.G.S., late Assistant 
PalsBontolorist in the British Museum. With an Appendix on Recent and 
Fossil Conchological Discoveries, by Ralph Tats, A.L.S., F.G.S. Illustrated 
by A. N. Waterhouse and Toseph Wilson Lowry. With 33 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Ed., x88o. Cr. 8vo, 75. 6d, cl. 
" A most vahiatMe storehouse of conchological and geological information."— 5ci<m«c Goss^, 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL, Consisting of " Physical Geology." which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S., &c. With 350 Illustrations, zsmo, 5s. cloth. 
" The fulness of the matter has elevated the book into a manual. Its information u exhaustive 
and well arranged."— ^ScAkv/ Board ChtvnieU, 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology and 
Genesis : their Perfect Harmony and Wonderful Concord. By Gborqb W. 
Victor lb Vaux. Numerous Illustrations. Fcap. 8vo, 55. clotn. 
" A valuable contribution to the evidences of Revelation, ana disposes very concludvdy oi the 
arguments of those who would set God's Works against God's Word. — rA« RocA, 

The Constellations. 

STAR GROUPS: A Student's Guide to the Constellations. By 
J. Ellard Gore, F.R.A.S., M.R.I. A., &c., Author of "The Scenery of the 
Heavens." With 30 Maps. Small 4to, 55. cloth, silvered. [Just published,. 

Astronomy. 

ASTRONOMY, By the late Rev. Robert Main, M.A., F.R.S.^ 
formerly Radcliffe Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by W. T. Lynn, 6.A., F.R.A.S. i2mo, 2S, cloth. 

" A sound and smiple treatise, very carefully edited, and a capital book for beginners."— 
Knowledge*.. [ticnal Tinus, 

V Accurately brought down to the requirements of the present time by Mr. ljyxm."^Educet- 
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DR. LARDHER 'S COURSE OF NATURAL PHILOSOPHY, 

THE HANDBOOK OP MECHANICS. Enlarged and almost re- 
written by BsMjAMiM LoswY, F.R.A.S. With 378 lUostrations. Post 8vo, 
6s. cloth. 
"The perspicuity of the original has been retained, and chapters which had become obsolet* 

have been replaced by others of more modem character. The explanations througrhout aro 

studiously popular, and care has been taken to show the application of the various branches of 

physics to tne industrial arts, and to the practical business of mt." —Mittitttr youmal. 

"Mr. Loewy has carefully revised the book, and brought It iq> to modem requirements. — 

Nature. 

"Natural philosophy has had few exponents more able or better skilled In the art of popn- 

larislng the subject than Dr. Lardner ; and Mr. Loewy is d<dng good service in fitting this treattte». 

and the others of the series, for use at the present time."— vStinCfma^. 

THE HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged, by Bsmjamin Loswy, F.R.A.S. Witb 

336 Illustrations. Post 8vo, 5s. cloth. 

"For those 'who desire to attain an accurate knowledge of physical science without the pro* 
fotmd methods of mathematical investigation, ' this work is not merdy intended, but well adapted." 
••^htmical News. 

" The volume before us has been carefully edited, augmented to nearly twice the bulk of the 
fonner edition, and all the most recent matter has been added. . . . It is a valuable texM)ook." 
'^NeOure, 

" Candidates for pass examinations will find it, we think, specially suited to their requlremwits.'* 
Bn£UsA MecHmnic 

THE HANDBOOK OP HEAT. Edited and almost entirely re- 
written by Benjamin Loewy, F.R.A.S., &c. 1x7 Illustrations. Post 8vo, 6s. 
cloth. 

" The style Is always clear and precise, and conveys Instruction without leaving any doudines* 
or lurking doubts b6imd."—En£ifuerifv. 

"A most exhaustive book on the subject on which It treats, and is so arranged that It can be 

understood by all who desire to attain an accurate knowledge of physical science Mr. 

Loewy has included all the latest discoveries in the varied laws and effects o{heaX."—StaMdard, 

"A complete and handy text-book for the use of students and general readers."'>-,£Mtf'/XrA 
MecfutHic, 

THE HANDBOOK OP OPTICS. ByDiONYSius Lardner,D.C.L.» 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small 8vo, 448 
pages, 5s. clotn. 

"Written by one of the ablest English scientific writers^ beautiAilly and elaborately illustrated.** 
Mechanics Maeaxine. 

THE HANDBOOK OP ELECTRICITY, MAGNETISM, AND 
ACOUSTICS, By Dr. Lardner. Ninth Thousand. Edit, by Gboros Caret 
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 55. cloth. 

" The book could not have been entrusted to anyone better calculated to preserve the terse and 
hidd style of Lardner, while correcting his errors and bringing up his work to the present state oi 
•dentine knowledge."— /y^M/sr Science Xeview. 



THE HA NDBOOK OP A STRONOMY, Forming a Companion 
to the " Handbook of Natural Philosophy." By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin. 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
xoo Woodcuts. In One Vol., small 8vo, 550 pages, 9s. td. cloth. 
" Probably no other book contains the same amount of information In so compendious and well* 

arranged a form— certainly none at the price at which this Is offered to the public."— ^Mm<rMm. 
"We can do no other than pronounce this work a most valuable mffiniiBl of astronomy, Snd we 

strongly recommend it to all who wish to acquire a general— but at the sane time rorrort arijialnt- 

ance with this sublime sdence."— {^rter/y yotumeU ^ ScitHce, 

"One of the most deservedly popular books on the subject . . . We would recommend not 

onlv the student of the elementary principles of the sdenc^ but he who ahns at mastering the 

h&ner and mathematical branches of astronomy, not to be without this work beside him."— ^/Vvctf• 

tat Magatitie, 



I>r. Lardner's Electrie Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 
vised and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. SmaU 
Svo, 2S. 6d. cloth. 
" One of the most readaUe books extant on the Electric Telegraph."— fM^/i£rA lluhanie. 



28 CROSBY LOCKWOOD &> SON'S CATALOGUE. 

DR. LARDNER'8 MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OP SCIENCE AND ART. Edited by 
DiONTSius Lakdnbr, D.C.L.. fonnerly Professor of Natural Philosophy and 
AstronomT in University CoUege, London. With upwards of z,900 Engrav- 
ings on Wood. In 6 Double Volumes, £i is., in a new and elegant doth bind- 
iog ; or handsomely bound in half>morocco, 3x1. 6d, 

\* Opinions of the Prsss. 



«•' 



'Thb mAta, baddag affnding popular bvt sonnd instniction on scientific subjects, witfa wlilds 
the humblest men in the country ou{(ht to be acquainted, also undertakes that teaching of ' Com- 
mon Things ' which ereiy wett-trlsher of his kind is anxious to promote. Many thousand coiMes of 
dUs serriceable publication have been printed, in the belief ana hope that the desire for Instruction 
and improvement widdy prevafls ; anci we have ao fisef that such enlightened faith will meet with 
disappointment."~ri»wx. 

" A cheap and Interest in g poblicatloa. aBke infonnbig and attracthre. The papers combina 
subjects of importance and great scientific knowledgeb considerable inductive powers, and a 
popular style of treatnient.''-4>M«M^. 

"The ' Museum of Sdence and Art* Is the most valuable contribution that has ever been 
made to the Scientific Instruction of every class of sodety."— Sir DAVID Brbwstbk, in the 
N^rth Sritish RmvUw, 

" Whether we conrider the Hberaltty and beauty of the Illustrations, the charm of the writingr, 
or the durable interest of the matter, we must express our belief that there is hardlv to be found 
among the new books one that wo^ be welcomed by people of so many ages ana classes as a 

valuable present."— .Amsm^mt. 

%* Separait bookt formed from the abovet suitable for Workmen* s Libraries, 

Science Classes, etc. 

Common Things JBxplained, Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 333 Illus- 
trations, cloth gilt, ss. 

The Miorooeope, Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscopic Object^ the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 lUustrations, cloth 
gilt, 2S. 

PoptUar Geology^ Containing Earthquakes and Volcanoes, the Crust of 
the Earth, &c. 201 Illustrations, cloth gilt, ». td. 

Popular PhyHea* Containing Maznitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Pro^ostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, 2S. 6d, 

Steam, and its Uses, Includinj; the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, as. 

Pindar Astronomy, Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c. 182 Illustrations, 45. 6d, 

The Bee and White Ants : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 13s Illustrations, cloth gilt, as. 

The Eleetrie Telegraph Popularized. To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
forms of Telegraphy in Actual Operation. xoo Illustrations, cloth gilt, 
IS, 6d. 

Dr* Lardner^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnkr. 

328 Illustrations. Sixth Edition. One Vol., 3$. 6d, cloth. 

" A very convenient class-book fer jumor students in private schools. It is Intended to convey, 
in clear and precise terms, general notions of all the prmcipal divisions of Physical Science. "•« 
Sritish Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnbf. 
With 190 Illustrations. Second Edition. One Vol., 3s. 6d. cloth. 
''Clearly written, well arranged, and excellently UbtStnted."--Gartlener's Chronidt* 
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COUNTINQH OUSE WORK, TABLES, etc. 

Introduction to Business. 

LESSONS IN COMMERCE, By Professor R. Gambaro, of 
tbe Royal High Commercial School at Genoa. Edited and Revised by James 
Gault, Professor of Commerce and Commercial Law in King's College, 
London. Crown 8vo, price about 35. 6d. [/f» the press* 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details; the Income Tax Acts: the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
B^ Emilb Garcke and J. M. Fells. Third Edition. Demy Svo, 250 pages, 
price 6s. strongly bound. 
" A veiyinterestingf description of the requirements of Factonr Accounts. . . . theprincipjB 

of assimilating^ the Factory Accounts to the general commercial books is one which we thoroughly 

agree mth."'—AeamtttaHts' yourtuxL 

" There are few owners of Factories who would not derive great benefit firom the perusal 

of this most admirable ■notk."—LoaU GcvtmmttU Chronicle, 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages — English, French, 
German, Italian and Spanish. By Conrad B. Baker. Second Edition, 
Revised. Crown 8vo, 35. 6d. cloth. 
' * Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 

than study this work, the materials of which are excellent and conveniently arranged." — Athenaufft, 
"A careful examinaiira has convinced us that it is unusually complete, well arranged and 

reliable. The book is a thoroughly good orM."SchoolmasUr, 

Intuitive CaZciUations. 

THE COMPENDIOUS CALCULATOR: or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
D. O'GoRMAN. Corrected by Professor J, R. Young. Twentv-seventh Ed., 
Revised by C. Norris. Fcap. 8vo, 2S. 6d, cloth ; or, 35. 6d, half-bound. 
" It would be difficult to exaggerate the usefulness of a book Uke this to everyone engaged in 

commerce or manufacturing in.duMj."—JC>untfl€cfgv. 

" Supplies special and rapid methods for all kinds of calculations. Of great utility to persow 

engi^ed in any Idnd of commercial transactions."— 5»^fma». 

Modem Metrical Units and Systems. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the Present Century, With an Appendix containing a proposed 
English System. By Lowis "DK. Jackson, A.M.Inst.C.E., Author of " Aid 
to Survey Practice," &c. Large crown 8vo, xsi. 6d. clodi. 
" The author has brought tojEether much valuable and interesting information. . . . We 

cannot but recommend the work.'^iVis/lM>v. 

" For exhaustive tables of equivalent weights and measures of all sorts, and for dear demonstxa- 

tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 

treatise is without a AyiV'—Acadetny, 

The Metric System, and the British Standards. 

A SERIES OP METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent, By C. H. Dowlino, C.E. 8vo, xos. 6d. strongly bound. 
" Their accuracy has been certified by Professor Airy, the Astronomer^Royal."— ^»^:^tfr. 
"Mr. Bowling's Tables are well put together as a leady-reckoner fi»r the convenioa of one 
system into the other."— WMtfmrNm. 

Iron and Metal Trades* Calculator. 

THE IRON AND METAL TRADES* COMPANION. For 

expeditiously ascertaining the Value ol any Goods bought or sold by Weight, 

from IS, per cwt. to 112s. per cwt., and from one farthing per pound to one 

shilling per pound. Each Table extends from one jpound to zoo tons. To 

which are appended Rules on Decimals, Square and Cube Root, Mensuration 

ot Superficies and Solids, &c. ; also Tables of Weights of Materials, and other 

Useful Memoranda. By Tbos. Downib. Strongly bound in leather, 396 pp., 9$. 

" A most useful set of tables. . . . NotUng like them before existed."— ^Miiu^f' JVtwt. 

** Although specially adapted to the iron and metal trades^ the tables win be found vmtai la 

•very other business in whicn merchandise is bought and sold by weight."— iSatfiMV News, 
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Calculating fiyr Numbers and Weights CotnMned. 

THE NUMBER, WEIGHT AND FRACTIONAL CALCU- 
LA TOR, ConUiniug upwards of 250,000 Separate Calculations, showing at 
a glance the value at 429 dlfterent rates, ranging from Ax^^ 01 & Penny to 
80S. each, or per cwt., and £90 per ton, of any number 0! articles conseca« 
tlvely, from z to 470.— Any numt>er of cwts., ors., and lbs., from i cwt. to 470 
cwts.— Any number of tons, cwts., qrs., and lbs., from z to z,ooo tons. By 
William Chadwicb, PubUc Accountant. Third Edition, Revised and Im- 
proved. 8vo, price i8i., strongly bound for Office wear and tear. 

*,* This work it tpecially adaptsd for the Apportionment of Mileage Charges 
for Railway Traffic, 

isr This comprehensive and entirely unique and original Calculator is adapted 
for the use of Accountants and Auditors, Railway Companies, Canal Companies^ 
Shippers, Shipping Agents, General Carriers, etc. 

Ironfounders, Brassfounders, Metal Merchants, Iron Manufacturersjronmongers, 
Engineers, Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Girder 
Makers, Colliery Proprietors, etc. 

Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers 
Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants and 
General Wholesale Tradesmen. 

*«* Opinions of thb Press. 

"The book oontalai tiie answers to questions, and not simply a set of Insenloas puzzle 
methods of arxivfau[ at results. It is as easy of reference for any answer or any number of answers 
ss a dictionary, and the references are even more quickly made. For making up accounts or esti- 
mates, the book must prove invaluable to all who nave any considerable quantity of calcuiationa 
lavolvuff price and measure in any combination to 6.o."—EngiMur. 

" The most perfect work of the kind yet prepared."— (r/kur^rnv Herald, 

Comprehensive Weight Calcutatovm 

THE WEIGHT CALCULATOR, Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from z lb. to 15 tons, at 300 Progressive Rates, from id, 
to z68s. per cwt., and containing z86,ooo Direct Answers, which, with their 
Combinations, consisting of a smgle addition (ffiostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Hemrt 
Harben, Accountant. Fourth Edition, carefully Corrected. Royal 8vo» 
strongly half-bound, £1 5s. 

" A practical and useful work of reference for men of business generally ; it Is the best of the 
kind we have seen.' —IroMmottfer. 

"Of priceless value to busmess men. It is a necessary book In aU mercantile offins."— bSA^/** 
/!eld InaeptncUnt. 

Comprehensive IHscount Guide. 

THB DISCOUNT GUIDE. Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact Profit arismg from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Frofit or Advance from i} to 
go per cent.. Tables of Discount from i^ to g8| per cent., and Tables of Com- 
mission, &c., from | to 10 per cent. By Henry Harben, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £1 55. 



" A book such as this can only be appreciated by business men, to_whom the savlngf of tfans 
ivinf of money. We have the hig' _ " _ " 

throughout the work are constructed upon strictly accurate principles. The work is a mode 



means savinf of money. We have the high authority of Professor J. R. Young that the tables 



of typographical clearness, and must prove of preat value to merchants, manufacturers, tad 
general traders."— ^HMIrA Trade y<mmaL 

Iron Shipbuilders' and Merchants' Weight Tables. 

IRON -PLATE WEIGHT TABLES: For Iron Shif builders, 
Engineers and Iron Merchants. Containing the Calculated Weights of up- 
wards of Z5o,ooo different sizes of Iron Plates, from z foot by 6 in. by \ in. to 
zo feet by 5 feet by z in. Worked out on the basis of 40 lbs. to the square 
foot of iron of z mch in thickness. Caretully compiled and thoroughly Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblong 4to, 255. half-bound. 

"This work will be found of great utility. The authors have had much practical experience 
Of what is wanting in making estimates; and the use of the book mUI save much time la makings 
elaborate calciUatlons."— iffntf^/^A Mechanic, - 
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IMDPSTBI AL AND UBEF PL ARTS. 
8oap-mahing, 

THE ART OF SOAP-MAKING : A PmtiMl Handbook of tt» 

Uanu/aauri at Hard and Soft Soafi. Toiltt Soo^i, tic, Incloding manr New 
PiocessH, and a Clupter on the Recavery of GlycerlDe liom Watte l-en. 
By Alhhwdbb W*rT, Anlhor ol '■ Electro- Mela]Iiirgy PraclicaUy Treated," 
Ac, WilhaumeiouilllDstratioiii. Faiutli Edition, Revised aad EDlsiged. 
Crowa Sto. 71. 6if. clotti. 



*°'''^^S?W«ti'£__^__~.., , ■-— _^ -.ii^ — 

Paper making. 

THE ART OF PAPER MAKING : A Praetiml Handbook of the 

-■ ■ - -■ SlraaandolhtrFibroialialaials, 

Vood Fibre, witli a Deecciption of 







Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in whicb Ihe Operations of TanniiiE, Currying, and 
Leatber Dressing are fully Described, tlie Principle! of Tanning Explained 
oiany Recent ProCEsses inirndnced. By Albxakder W*tt, Author of 
.p-Makicg," Ac. With aumecoudllustcatloDS. Second Edition, Ctowd 



Boot and Shoe BTaking. 

THE ART OF BOOT AND SHOE-MAKING. A PracUcal 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 
Making, Wlh > Description o[ the moat approved Machinery employed. 
By JoHH B. Lbmo, late Editor of SI. Criifin, and Th* Boot and Shci^Uakcr. 
^WlfllDlunaiouiIllaitrationB. Third Edition, iimo, u. cloth limp. 

Dent^ry. 

MECHANICAL DENTISTRY : A Practkal TriaUs* on Iht 
CotutncHon oflhi varioui kinds a/ Arlijitiat Dmturii. Comprising also Use- 
ful FormulB, Tables snd Receipts for Gold PUIe, Clasps, Solders, &c Ac. 
By Charles Huntei. Third Edition, Revised, Wilh upwards of lea 
Wood Engravisgs. Ciano Svo. ji, U. clotb. 

Wood Engraving. 

WOOD ENGRA VING : A Practical and Easy Inltoiuction to tkt 
Study tj Ihi Arl. By Williau Noruah Browh. Second Edition. With 
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HANDYB00K8 FOR HANDICRAfTB. By PAUL N. HA8LU0K. 

Metal Turning. 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 
for Workers at tht Foot-Lathe: Embracing InformatioQ on the Tools, 
Appliances and Procettes employed in Metal Taming. E[t Paul N. Has- 
LUCK, Author of " Lathe-Work." With upwards of One Hundred Illustra- 
tions. Second Edition, Revised. Crown SVo, 3S. cloth. 
" Claarly and condsdy writtw, ^Kcellent ia creiy way."— Jlf<KAaMu»/ ff^erUt, 

Wood Turning. 

THE WOOD TURNER'S HANDYBOOK. A Practical. Manual 
for Workers at the Lathe : Embracing Information on the Tools, Appliances 
and Processes EmploTSd in Wood Turning. By Paul N. Hasluck. With 
upwards of One Hundred Illustrations. Crown 8vo, as. cloth, 
"we recommend the book to yoaiuf turners and amateurs. A multitude of worbneQ have 
httberto sought in vafai for a manual of thfi special industry."— JfccAoMioi/ fVerUL 

WOOD AND METAL TURNING, By P. N. Hasluck. 
(Beins the Two preceding Vols, bound together.) 300 pp., with upwards of 
soo Illttstrations, crown 8vo, 3s. 6d. cloth. 

Watch Repairing. 

THE WATCH JOBBER*S HANDYBOOK. A Practical Manual 
on Cleaningt Repairing and Adjusting, Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Watchwork. By Paul N. 
Hasluck. With upwards of One Hundred Illustrations. Cr. 8vo, 2s. cloth. 
" All young: persons connected with the trade should acquire and study this excellent, and at 
the same time, inexpensive work."— C/irr^Mwr// ChronicU. 

Clock Repairing. 

THE CLOCK JOBBER'S HANDYBOOK : A Practical Manual 
on Cleaning, Repairing and Adjusting. Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Clockwork. By Paul N. 
Hasluck. with upwards of xoo Illustrations. Cr. Bvo, 25. cloth. 
" Of inestimable service to those commencing the trade." — Coventty Standard, 

WATCH AND CLOCK JOBBING. By P. N. Hasldck. 
(Being the Two preceding Vols, bound together.) 330 pp., with upwards of 
soo Illustrations, crown 8vo, 3s. 6^. cloth. 

JPattem Making. 

THE PATTERN MAKER'S HANDYBOOK. A Practical 

Manual, embracing Information on the Tools. Materials and Appliances en^ 
ployed in Constructing Patterns for Founders. By Paul K. Hasluck. 
with One Hundred Illustrations. Crown 8to, ss. cloth. 

"This bandy volume contains sound information of considerable value to students and 
artificers."— iTanAwarir Tradis yMtma/, 

Mechanical Manipulation. 

THE MECHANICS WORKSHOP HANDYBOOK. A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda, 
By Paul N. Hasluck, Crown 8vo, 35. cloth. 

" It is a book which should be found in every workshop, as it is one which will be continually 
referred to for a very great amount of standard information."— ^^lA^niia^ Review. 

Model Engineering. 

THE MODEL ENGINEER'S HANDYBOOK : A Practical 
Manual on Model Steam Engines. Embracing Information on the Tools, 
Materials and Processes Employed in their Construction. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Crown 8vo, 25. cloth. 
" By carefully going through the work, amateurs may pick up an ezceUent notion of the con- 
struction of fuU-azed steam ehgines." — TtUgrafhic Joumai, 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK: A Practical 
Manual, embracing Information on the Tools, Materials, Appliances and 
Processes employed in Cabinet Work. By Paul N. Hasluck, Author of 
" Lathe Work," &c. With upwards of 100 Illustrations. Crown 8vo, as. 

cloth. {Glasjir<na Herald. 

" Thoroughly practical throughout The amateur worker in wood wJ find it most useful. ** — 
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Electrolysis of Gold, Silver, Copper, etc* 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver , Copper , Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro* Metallurgy. By Alexander 
Watt. Third Edition, Revised and Corrected. Crown 8vo, 95. cloth. 
"Eminently a book for the practical worker in electro'depositioo. It contains practical 

descriptions of methods, processes and materials as actually pursued and used in the workshop." 

—Engineer. 

Electro-MetcUln/rgy, 

ELECTRO-METALLURGY : Practically TreaUd. By Alexander 
Watt, Author of " Electro- Deposition," &c. Ninth Edition, Enlarged and 
Revised, with Additional Illustrations, and including the most recent 
Processes, ismo, 45. cloth boards. 

"From this book both amateur and artisan may learn everythin^r necessary for the successful 
prosecution of electroplating."— /rvM. 

Electroplating. 

ELECTROPLA TING : A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. 
With Descriptions of the Chemicals, Materials, Batteries and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E. Second Edition, with 
Additions. Numerous Illustrations. Crown 8vo, 5s. cloth. 
" An excellent practical manual."— Eng^neeriftg, 
" An excellent work, g^iving the newest information."— Zr(7r<?/<?g^Va/ yourncU. 

Electrotyping» 

ELECTROTYPING : The Reproduction and Multiplication of Prints 

ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 

Urquhart, C.E. Crown 8vo, 55. cloth. 

"The book is thoroughly practicaL The reader is, therefore, conducted through the leading 
laws of electricity, then through the metals used by electrotypers, the apparatus, andthe depositing 
processes, up to the final preparation of the work."— ^r/ youmal. 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saunier, by Tulien Trip- 
FLiN, F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. With 
78 Woodcuts and 22 Coloured Plates. Second Edition. Royal 8vo, £2 2S. 
cloth ; £2 105. hal£-calf. 

" There is no horol(M^cal work in the English language at all to be compared to this produc* 
tion of M. Saunier's for dearness smd completeness. It is alike good as a guide for tiie student and 
as a reference for the experienced horologist and skilled workman." — HorologiaU youmal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over tneir English brethren 
—in fact, the Book of Books, is M. Saunier's *'Txta!ds^"'-~Watchmaker, yev/eUerattdSUversmUh. 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. A Workshop Com- 
panion for those engaged in Watchmaking and the Allied Mechanical Arts. 
From the French of Claudius Saunier. Enlarged by Julien Tripplin, 
F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. Woodcuts 
and Copper Plates. Third Edition, Revised. Crown 8vo, 9s. cloth. 

" Each part is truly a treatise in itself. The arrangement is good and the language b clear and 
concise. It is an admirable ({uide for the young watchmaker." — Engineering: 

" It is impossible to spuok too liighly of its excellence. It fulfils every requirement in a hand* 
t>ook intended for the use of a workman."— ^f^^A and Clocktnaker. 

" This book contains an iuiuiuuse number of practical details bearing on the daily occupation 
of a v/atchm-dkcx."— ff'^atchf/uxAer and Metalworker (Chicago). 

Ooldsmiths' Work. 

THE GOLDSMITH'S HANDBOOK, By George E. Gee, 
Jeweller, &c. Third Edition, considerably Enlarged. lamo, 35. 6d. cl. bds. 
"A good, sovnd educator, and will be accepted as an wXbotiiy."—Horological yourtial. 

Silversmiths^ Work. 

THE SILVERSMITH'S HANDBOOK, By George E. Gee. 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations, zamo, 
3s. 6d, cloth boards. 
"Workers in the trade will speedily discover its merits when they sit down to study it."— 
English Mechanic. 

*^* The above two works together, strongly half-bound, price ys. 
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Bre€id and Biscuit Baking, 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT, Including a large variety of Modern Recipes. 
With Remarks on the Art of Bread-making. By Robert Wells, Practical 
Baker. Second Edition, with Additional Recipes. Crown 8vo, 2s. cloth. 
*' A lazse number of wrinkles for the ordinary cook, as well as the baker."— So/wn^ Review. 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use. By Robert Wells, Author of " The Bread and Biscuit Baker's and 
Sugar Boiler's Assistant." Crown 8vo, 25. cloth. 
" We cannot speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better tnan purchase tlus book."— Ao^^rv' Titrus. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 
Confectioners and Pastrycooks ; including a varietv of Modem Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By Robert Wells. Crown 8vo, 5s. cloth. 

" A valuable work, and should be in the hajids of every baker and confectioner. The illus- 
trative designs are alone worth treble the amount charged for the whole yrork."— Bayers' Times. 

Flour Confectionery, 

THE MODERN FLOUR CONFECTIONER. Wholesale and 
Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscuits, 
&c. With Remarks on the Ingredients used in their Manufacture, dec. By 
R. Wells, Author of "Ornamental Confectionery," "The Bread and Biscuit 
Baker," " The Pastrycook's Guide," &c. Crown 8vo, «. cloth. 

Laundry Work. 

LA UN DRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laundry Work. By the Editor of "The Laundry 
Journal. ' With numerous Illustrations. Crown 8vo, zs. 6d. cloth. 



CHEMICAL MANUFACTURES & COMMERCE. 
New Manual of Engineering Chemistry, 

ENGINEERING CHEMISTRY: A Practical Treatise for the 

Use of Analytical Chemists, Engineers, Iron Masters, Iron Founders, 

Students, and others. Comprising Methods of Analysis and Valuation of the 

Principal Materials used in Engmeering Work, with numerous Analyses, 

Examples, and Suggestions. By H. Joshua Phillips, F.I.C, F.C.S. 

Analytical and Consulting Chemist to the Great Eastern Railway. Crown 8vo 

320 pp., with Illustrations, los. 6d. cloth. [Just published. 

" In this work the author has rendered no small service to a numerous body of practical men 

. . . The analytical methods may be pronounced most satisfactory, heiag as accurate as the 

despatch required of engineering chemists permits."— Chemical News. 

Analysis and Valuation of Vuels, 

FUELS: SOLID, LIQUID AND G^5J5:OC75, Their Analysis 

and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., Analytical and Consulting Chemist to the Great Eastern Railway. 
Crown 8vo, 3s. 6^/. cloth. 

" Ought to have its place in the laboratory of every metallurgical establishment, and wherever 
fuel is used on a large scale." — Chemical Ne7vs. 

•• Cannot fail to oe of wide interest, especially at the present time."— Railway News. 

Alkali Trade, Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By John Lomas. 390 pages. With 232 Illustrations and Working Drawings. 
Second Edition. Royal 8vo, £1 los. cloth. 

"This book is written by a manufacturer for manufecturers. The working details of the most 
approved forms of apparatus are given, and these are accompanied by no les than a^a wood ea- 
gravings, all of which may he used for the purposes of construction. "~ Athenttum.. 



J 
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The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut.-Col. W. A 
Ross, R.A. With 120 Illustrations. New Edition. Crown 8vo, 5s. cloth. 

"The student who ffoes through the course of ezperbnentation here laid down will gain a 
better insight into inorganic chemistry and mineralogy than if he had 'got up' any of the best 
text-books ot the day, and passed any number of examinations in their contents. —Chemical News. 

Cammercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or, Practical Instructions tor the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures.Trades, and the Arts. 
By A. Normandy. New Edition by H. M. Noad, F.R.S. Cr. 8vo, 12s, 6d. cl. 
"Essential to the analysts appohited under the new Act. The most recent results aregiren, 
and the work is well edited and carefully written."— A'a/urc. 

Rv^^juitha 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. New Edition, much Enlarged. [/n the press. 

Dye^Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES : Their 

Properties, Applications, Valuation, Impurities, and Sophistications. For the 
use of Dyers^ Printers, Drysalters, Brokers, &c. By J. W. Slater. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d. cloth. 
"A complete ency^dopaedla of the materia tinctoria. The information given respecting each 

article is fuU and precise, and the methods of determining the value of articles such as these, so 

liable to sophistication, are given with clearness, and are practical as well as valuable."— CA^mu/ 

and Druggist. 

'* There is no other work which covers precisely the same ground. To students preparing 

for examinations in dyeing and printing it will prove exceedingly useful."— CA«m*ea/ News. 

Pigments, 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non-Permanency, and Adul- 
terations ; Effects in Combination with Each Other and with Vehicles ( and 
the most Reliable Tests of Purity. By H. C. Standage Second Edition. 
Crown Svo, 2s. 6d. cloth. 

" This work is indeed multum-in-parvo, and we can, with good conscience, recommend it to 
all who come in contact with pigments, whether as makers, dealers or yxsers."— Chemical Review. 

Gauging. Tables and Rules for Revenue Officers^ 

JBretoerSf etc. 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rule? and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, Sec. By J. B. Manx (Inland Revenue). Second Edition 
Revised. Oblong iSmo, 45. leather, with elastic band. 

" This handy and useful book is adapted to the requirements of the Inland Revenue Depart 
ment, and will be a favourite book of reference." — Civilian. 

♦' Should be in tiie hands of every practical brewer." — Brewer^ yoitmoL 

AGRICULTURE, FA RMING, G ARDENING, etc. 
Touatt and Burn's Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. Including the Breeding, Rearing, and Feeding 
of Stock ; Management of the Dairy, Culture and Management of Grass 
Land, and of Grain and Root Crops, &c. By W. Youatt and R. Scott 
Burn. An entirely New Edition, partly Re-written and greatly Enlarged, by 
W. Fream, B.Sc.Lond., LL.D. In medium Svo, about 1,000 pp. [/« the press. 

Agricultural Facts and Figures. 

NOTE'BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnelt,, 
late Professor of Agriculture, Glasgow Veterinary College. Third Edition 
Royal 32mo, 45. leather. 
•• The most complete and comprehensive Note-book for Farmers and Farm Students that we 

have seen. It literally teems with mfonnation, and we can cordially recommend it to a,\^ connecte<l 

with agriculture."— //^rM BHHsh AgricultHrist^ 
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Flour Manufacture^ Milling f etc. 

FLOUR MANUFACTURE : A Treatise on Milling Science 
and Practice. By Fribdrich Kick« Imperial Regieningsrath, Professor of 
Mechanical Tecnnology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, A.M.I.C.E. Nearly 400 pp. Illustrated 
with 38 Folding Plates, and 167 Woodcuts. Royal 8vo, 255. cloth. 

" Thii Tsluable work is, and win remain, the standard authority on the science of milling. . . 
The miUer who has read and difirested this worlc will have laid the foundarion, so to speak, of a suc- 
ceMtul career ; he will have acquired a number of g'eneral principles which he can |>roceed to 
apply. In this handsome volume we at last have the accepted text-book of modem mUhnsrin good, 
sound English, which has little, if any, trace of the German idiom."— 7^ MilUr. 

" The appearance of this celebrated work in Eng'lish is very opportime, and British millers 
win. we are sure, not be slow in availing themselves of its pages.'— jifzi&rx' GaxetU. 

Small Farming* 

SYSTEMATIC SMALL FARMING; or, The Lessons 0/ my 
Farm. Being an Introduction to Modern Farm Practice for Small Farmers 
in the Culture of Crops; The Feeding of Cattle; The Management of the 
Dairy, Poultry and Pigs, &c. &c. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates' Management." Numerous Illusts., or. 8vo, 6s. cloth. 

"This is the completest book of its class we have seen, and one which every amateur farmer 
win read with pleasure and accept as a guide." — Field. 

"The volume contains a vast amount of useful information. No branch of farming is left 
untouched, from the labour to be done to the results achieved. It may be safely recommended to 
all who think they will be in paradise when they buy or rent a three-acre farm." — Glasgow H€ratd 

Modem Farming* 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops— Fanning and Farming Economy— Cattle, Sheep, 
and Horses — Management of Dairy, Pigs and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 12s. 

- The aim of the author has been to make his work at once comprehendve and trust wor tl ty , 
and in this aim he has succeeded to a degree which entitles him to much credit."— Afomirtg^ 
Advertiser. " No fanner should be without this book."— /?an^n> Guardian. 

Agricultural Fngineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF, 
Comprising Draining and Embanking; Irrigation and Water Supply; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines; Field 
Implements and Machines ; Agricultural Surveying, Levelling, &c. By Prof. 
John Scott, Editor of the *' Farmers' Gazette," late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, 8cc &c. 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 12s, 

"Written with great care, as well as with Icnowledge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students." — Mark Lane Eiepress. 

"For a young agriculturist we know of no handy volume likely to be more usefully studied.** 
SelFs Weekly Messenger. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Ed., Revised, with Additions. iSmo, 35. 6(1. cl. 

"A most comprehensive volume, giving a mass of information." — Agricultural Econontist. 
" It is a long time since we have seen a book which has pleased us more^ or which contains 
such a vast and useful fund o{\a\oyr\edg^"—Edtuational Times. 

Tables for Farmers, etc, 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, Graziers, Agricultural Students^ Surveyors, Land Agents Auc- 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidney Francis. Second Edition, Revised. 272 pp., waist- 
coat-pocket size, 15. 6d. limp leather. 

" Weighing less than i oz., and occupying no more space than a match bor, it contains a mass 
of facts and calculations which has never before, in such handy form, been obtainable. . Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whoie of 
the tables having been revised by Dr. Fream. We cordially reconunend it."— BeWs IVeehly 
Messenger. 

" A marvellous little book. . . . The agriculturist who possesses himself of it will not be 
disappointed with his iavestmemt"— The Farm^ 
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Farm and Estate Book-keeping* 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Second 
Edition, Revised. Cr. 8vo, 3s. 6d. cl. bds. ; or 25. 6d. cl. limp. 
" The volume is a capital study of a most important svbiect."—A£TicttUural Gazette. 
" Will be found of great assistance by those who intend to commence a s)rstem of book-keep- 
ing, the author's examples being clear and explicit, and his explanations, while full and accurate, 
bemg to a large extent free from technicalities."— Zii« Stock Journal. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. with 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 
plete Record of the Farming Operations. By Johnson M. Woodman, 
Chartered Accountant. Folio, 7s. 6d. half bound. [aOtutne. 

" Contains every requisite form for keeping farm accounts readily and accurately."— ^/W- 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits and Frames. By Samuel Wood. Crown 8vo, 3s. 6d. cloth. 
" A good book, and fairly fills a place that was in some degree vacant. The book is written with 

great care, and contains a great deal of valuable toachiag."— Gardeners' Mag^azine. 

'* Mr. Wood's book is an original and exhaustive answer to the question ' How to Grow Early 

Fruits, Flowers and Vegetables ?^ "—Land and Water, 

Oood Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting, Lajdng-out of Gardens and Grounds, &c. By S. Wood. 
Fourth Edition, with numerous Illustrations. Crown 8vo, 3s. 6d. cloth. 
"A very good book, and one to be highly recommended as a practical guide. The practical 

directions are excellent."— ^/A^mrMm. 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 

plain, simple, and trustworthy information it gives on common matters too often neglected."— 

Gardeners^ Chronicle. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; cr. How to make One 
Acre of Land produee £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By S. Wood. Fifth Edition. Crown 8vo, 15. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and gentleman's 
gardener, but to the market grower."— -Gardeners' Magtutine. 

Gardening for lAidies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs' Complete Guide. By S. Wood. With Illusts. Cr.Svo, 3s. 6d. cl. 

" This volume contains a good deal of sound, common sense instruction." — Florist. 

" FuU of shrewd hints and useful instructions, based on a lifetime of experience."— iS'eo/jman, 

Receipts for Gardeners, 

GARDEN RECEIPTS. By C. W. QuiN. i2mo, is. 6d. cloth. 

"A useful and handy book, containfaig a good deal of valuable information."— .(<M«H«Mm. 

Market Gardening. 

MA RKET A ND KITCHEN GA RDENING. By Contributors 
to " The Garden." Compiled by C. W. Shaw, late Editor of •* Gardening 
Illustrated." i2mo, 3s. 64. cloth boards. 
" The most vahiable compendium of kitchen and market-garden work published."— Farmer. 

Cottage Gardening. 

COTTAGE GARDENING: or, Flowers, FruiU, and Vegetables for 
Small Gardens. By E. Hobday. lamo, zs. 6d, cloth limp. 

Potato Culture. 

POTATOES : How to Grow and Show Them. A Practical Guide 
to the Cultivation and General Treatment of the Potato. By Jambs Pink. 
Second Edition. Crown 8vo, u. cloth. 
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Hudson^s Land VtUuer^s JPocket^Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calculating the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.B. New Edition. Royal 32mo, leather, 
elastic band, 4s. 

"Thb new edition includes tables for ascertaining: the value of leases for auiy term of years ; 
and for showin? how to lay out plots of ground of certain acres in forms, square, round, &c., -with 
valuable rules tor ascertaming the probable worth of standing timber to any amount ; and is of 
Incalculable value to the country gentleman and professional vaaxu^—Farmert J<mrndL 

Efwa/rVs Land Improver's Bocket^Boohm 

THE LAND IMPROVERS POCKET-BOOK OF FORMULA, 
TABLES and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property, By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised, Royal samo, oblong, 
leather, gilt edges, with elastic band, 4s. 
"A compendious and handy little \ol'amK."—S^ectat»r. 

Complete Agricultural Surveyor's JPocket-BooU. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, ys. 6d. 

" Hudson's book is the best ready-reckoner on matters telatlng to the valuation of land and 
crops, and its combination with Mr. Ewart's work greatly enhances me value and usefulness of the 
latter-mentioned. ... It is most useful as a manuau for reference."— iVi9r/A afEngrland Farmer, 

Auctioneer's Assistant* 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
ESTA TE AGENT AND VALUER'S POCKET ASSISTANT, tor the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. By John Wheblbr, 
Valuer, &c. Fifth Edition, re- written and greatly extended by C. N orris, 
Surveyor, Valuer, &c. Royal samo, 5s. cloth. 

" A neat and concise book of reference, containing an admirable and clearly-arranged list of 
prices for inventories, and a very practical guide to determine the value of furniture, Slc."— Standard. 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal 01 leases, annuities and reversions, and of property generally, with prices for 
inventories, and a guide to determine the value of interior fittings and other effects."— ^wt&^er. 

Auctioneering* 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised and partly Re-written. Demy 
8vo, Z2$. 6d, cloth. 

"The position and duties of auctioneers treated compendiously and cieax\y."—SuiUl€rt 
"Every auctioneer ought to possess a copy of this excellent vork."—Iroftmof^sptr. 

" Of great value to the profession. . . . We readily welcome this book from the fact that It 
treats the subject in a manner somewhat new to the profession."— £x/a^^ Gazette. ^ 

Legal Guide for Paumbrokers* 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. FoLKARD, Esq., Barrister-at-Law, Author of *• The Law 
of Slander and Libel," &c. With Additions and Corrections. Fcap. 8vo, 
3s. 6d, cloth. 

" This work contains simply everything that requires to be known concerning the department 
of the law of which it treats, we can safely commend the book as unique and very nearly perfect." 
—Iron. 

" The task undertaken by Mr. Folkaid has been very satisfactorily performed. . . Such ex- 
planations as are needful have been supplied with great clearness and with due regard to brevity. ' 
Ci4y Press. 
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Law of Patents. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, cloth, price 

Metropolitan Rating Appeals* 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. 
By Edward Ryde and Arthur Lyon Ryde. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
x8^, and an Appendix by Walter C. Ryde, of the Inner Temple, Barrister- 
at-Law. 8vo, x6s. cloth. 



" A useful work, occupying^ a place mid-way between a handbook for a lawyer and a ^ide to 
surveyor. It is compiled by a gentleman eminent in his profession as a land agent, whose spe- 
cialty, It is acknowledged, lies in the direction of assessing property for rating purposes."— LaH«f 



Agents' Record. 

" It is an indispensable work of reference for all engaged in assessment business."— ^c^Mrwa/ 
qf Gas Lighting: 

Hovse Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures ; with 
Examples of all kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art. By E. L. Tarbuck, Architect and 
Surveyor. Fourth Edition, Enlarged. i2mo, 55, cloth. 

•' The advice Is thoroughly practical."— Zaw youmal, 

" For all who have dealings with house property, this is an indispensable galde."— Decoration. 

"Carefully brought up to date, and much unproved by the addition of a division on fine art. 

" A well-written and thoughtful worli." —Land Agenfs Record. 

lnwoo(Vs Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 

Copyhold, Of Leasehold; Annuities, A dvowsons, etc, , and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms ot Years certain, and lor Lives ; also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 23rd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest oi Money, Discount, Annuities, &c., by M. Fbdor 
Thoman, oi the Soci^t^ Credit Mobilier of Paris. Crown 8vo, 85. cloth. 
*' Those interested in the purchase and sale of estates, and in the adjustment of compensation 

cases, as well as in transactions in annuities, life insurances, &c., will find the present edition of 

eminent service." — Engineering. 

" ' Inwood's Tables ' still maintsdn a most enviable reputation. The new issue has been enriched 

by large additional contributions by M. Fedor Thoman, whose carefully arranged Tables cannot 

fail to be of the utmost utility."— Mining youmal. 

AgrictUtwraZ and Tenant-Right Valuation. 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S 
ASSISTANT, A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right- Valua- 
tions, Scales ot Compensation under the Agricultural Holdings Act, 1883, 
&c. &c. By Tom Bright, Agricultural Surveyor. Crown 8vo, 3s. 6d. cloth. 
" Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 

contents, and weights of timber, and farm produce of all kinds." — Agricultural Gaxette. 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 

value to surveyors and auctioneers in preparing valuations of all kinds." — Partner. 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving and 
Grubbing Plantations and Underwoods, their Valuation for Purposes ot 
Transfer, Rental, Sale or Assessment. Bv Tom Bright, F.S.Sc, Author oi 
" The Agricultural and Tenant-Right- Valuer's Assistant," &c. Crown 8vo, 
3s. M. cloth. \Jitst published, 

" Will be found very useful to those who are aictually engaged in managing vrood."— Bell's 

IVeekly Messenger. 

" To valuers, foresters and agents it will be a welcome aid."— North British Agriculturist. 
"Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest 

and use both to surveyors and auctioneers in preparing valuations of aU kinds."— AT^n/ Herald. 
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A Cotnplete Epitome of the Laws of this Country m 

EVERY MAN'S OWN LAWYER: A Handy-Book of the 
Principles of Law and Equity. By A Barrister. Twenty-ninth Edition. 
Revised and Enlarged. Including the Legislation of 1891, and including 
careful digests of The Tithe Act, 1891 ; the Mortmain and Charitable Uses 
Act, 1891; the Charitable Trusts (Recovery) Act, 1891 ; the Forced Transfers 
Act, 1891; the Custody of Children Actt 1891; the Slander of Women Act, 
189Z ; the Public Health (London) Act, 1891 ; the Stamp Act, zSgi ; the 
Savings Bank Act, 1891 ; the Elementary Education (" Free Education ") Act, 
1891; the County Councils (Elections) Act, 1891 ; and the Land Registry 
(Middlesex Deeds) Act, 1891 ; while other new Acts have been duly noted. 
Crown 8vo, 688 pp., price 6s. 8d. (saved at every consultation ! ), strongly 
bound in cloth. [Just published. 

*^* THE BOOK WILL BE FOUND TO COMPRISE (AMONGST 
OTHER MATTER>- 

The Rights and wrongs of individuals— Landlord and Tenant— Vendors 
AND purchasers— Partners and Agents— Companies and Associations— masters, 
servants and workmen— leases and mortgages— church and clergy, rltuaj!- 
—Libel and Slander— Contracts and Agreements -bonds and Bills of Sale — 
CHEQUES, Bills and notes -Railway and Shipping Law— Bankruptcy and In- 
surance—Borrowers. Lenders and Sureties— Criminal Law— parliamentary 
elections— County Councils— municipal Corporations— parish Law, Church- 
wardens, ETC.— Public Health and nuisances— Friendly and Building 
Societies— Copyright and Patents— trade Marks and Designs— Husband and 
Wife. Divorce, etc.— Trustees and Executors— intestacy, Law of— Guardian 
AND Ward, infants, etc.— Game Laws and Sporting- Horses, horse-dealing 
and dogs— innkeepers. Licensing, etc.— Forms of Wills, Agreements, etc. etc. 

Note. — The object of this work is to enable those who consult it to help them- 
selves to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer's ojffice as of a Iton's den. With this 
book at hand it is believed that many a Six-and-Eightpence may be saved; many 
a wrong redressed; many a right reclaimed; many a law suit avoided ; and many 
an evil abated. The work has established itself as the standard legal adviser of all 
classes, and also made a reputation for itself as a useful book of reference for lawyers 
residing at a distance from law libraries, who are glad to have at hand a work em- 
bodying recent decisions and enactments. 

*«* Opinions of the Press. 

" It is a complete code of Eiuirlish Law, written in plain language, wtiich aU can understand. 
. . SlioiUd be in the hands ofevery business man, and all who wish to abolish lawyers' bills.'' — 
Weeklv Times. 

" A useful and concise epitome of the law, compiled with considerable care."— Z^tw MagaHne, 
"A complete digest of the most useful facts which constitute English Ixv."— Globe. 
" Admirably done, admirably arranged, and admirably claisa,'^"— Leeds Mercury. 

" A concise, cheap and complete epitome of the English law So plainly written that he who 
runs may read, and he who reads may understand."— /^([^af-t?. 

" A dictionary of legal facts well put together. The book is a very useful ooa."— Spectator. 

"The latest edition of this popular book ought to be in every business establishment, and on 
every library iah\e."— Sheffield Post. 

Private BiU Legislation and Provisional Orders, 

HANDBOOK FOR THE USE OP SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, tor the Authorization of Railwavsi Tramways, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassey, of the Middle Temple, Barrister-at-Law, 
M.Iiist.C.E. ; Author of " Hints on Water Supply," 8vo, 950 pp., 25s. cloth. 

" The volume is a desideratimi on a subject which can be on^ acquired by practical experi* 
ence, and the order of procedure in Private Bill Legislation and Provisional Orders is followed. 
The author's suggestions and notes will be found of great value to engineers and others profession- 
ally engaged in this class of practice"— Building News. 

" The author's double experience as an engineer and barrister has eminently qualified him for 
the task, and enabled him to approach the subject alike from an engineering and l^al point of 
view. The volume will be found a great help both to engineers and lawyers engaged in promoting 
Private Acts of Parliament and Provisional Orders."— Local Government Chronicle. 

OGDEN, SMALE AND CO. LIMITED, PRINTERS, GREAT SAFFRON HILL, £.€■ 



WimW$ aeCutiimentara &zcit$. 



LONDON, 1862. 
E PRIZE MEDAL 

u iwuded to tbe Fabliihen of 
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A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFICjEDUCATIONAL, 
AND CLASSICAL. 

iose inttrttied 

:t-Books on almost every bnmch of 

ijects as Agriculture, Architecture 
trts, Mechanics and Mechanical 
Eagineeriiig. Physical and Chemical Science, and man; miscellaneous 
Treatises. The whole are constantly underling ' * ' ■■' 



" Amongst the litecatuie of technical educatiOD, Wbalb's Sbrtbs has ever 
enjoyed a high reputation, and the additions being made by Messrs. CROSBY 
LOCKWOOD & Son render the seiies more complete, and bring the informa- 
'' a upon the several subjects down to the present tiroe." — Mining youmal. 
• It is not too much to say that no books have ever proved more popular 
th, or more useful to, young engineers and others than the eicellent 
treatises comprised in Wbalh's Skriks." — EnginctT 



"The volumes of Weale's Series foim one of tbe bast collections of 
elementary technical boolcs in any language." — ArchiUct. 

•• WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science." — PubUe OJiinioH, 



PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Wai awarded to the Publiiban for 

Sovkt : Biidim«nUT7, Seientifle, 

"WEALE'S SEfllES," ETO. 

CROSBY LOCKWOOD & SON, 

7, STATIONERS' HALL COURT. LUDGATE HILL, LONDON, E.C, 
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WEALE'S BTTDIHEHTABT SCIEHTIFIC SERIES. 




%* The volttmes of this Series are freelv Illustrated witii 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound m 
limp cloth, unless otherwise stated; &ut the volumes fptarked 
toifh a % may aUo be hadxtrougly bound in cloth boards far6d. 
extra. 

N.B,—In ordering from this List it is recommended, as « 
means of facilitating business and obviating error, to quote^ tks 
numbers affixed to the volumes, as well as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, KTC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Bdrkbll, CE. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2s. 
JS. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. By Gen. Sir T. Burgoynb, Bart. xs. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGESy^zr^ 

ticularly describing the Britannia and Conway Tubular Bridges. By G« 
Drysdale Dkmpsey, C.E. Fourth Edition. 2s. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remarks' on Footings, Sand, Concrete, B^ton, Pile-driving, Caissons, and 
Cofferdams, 8ic. By £. Dobson. Seventh Edition, xs. 6d. 
60. LAND AND ENGINEERING SUR VEYING, By T. Baker, 
C.E. Fifteenth Edition, revised by Professor J. R. Young. 2S.t 
80*. EMBANKING LANDS FROM THE SEA, With examples 
and Particulars of actual Embankments, &c. By T. Wiggins, F.G.S. 2s. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water, &c. By S. Hughes, C.E. New Edition. 4s.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
. of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

»67. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. 2s. 6d.t 

197. ROADS AND STREETS. By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, &c. ds. 6d.t ^ 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. By C.Slagg,A.M.T.C.E. Revised Edition. 33.* 

«I2. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 
MENT', and the Manufacture aad Distribution of Coal Gas. Originally 
written Dy Samuel Hughes, C.E. Re-written and enlarged by Willlaii 
Richards, C.E. Eighth Edition, with important additions. 5s. 6d.t 

113. PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on tHe Strains, Designing, and Erection of Works of Con* 
struction. By Francis Campin, C.E. Second Edition, revised. 3s.t 

219. CIVIL ENGINEERING, By Henry Law, M.Inst. C.E. 
Including Hydrauuc Engineering by Geo. R. Burnell, M.Inst. C.£. 
Seventh Edition, revised, with large additions by D. Kinnbar Clark» 
M.Inst. C.E. 6s. 6d., Cloth boards, y's. 6d. 

268. THE DRAINAGE OF LANDS, TOWNS, ^ BUILDINGS. 
By G. D. Dempsey, C.E. Revised, with large Additions on Recent Practice 
in Draiaage Engineering, by D. Kjnnear Clark, M.I.C.E. Second Edition, 
Corrected. 4s. 6d.t {Just imblished. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANESy the Construction of, and other Machinery for Raising 

Heavy Bodies. By Josbph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dn Lardner. Illustrated. ig.6d. 

59. STEAM BOILERS : their Construction and Management. By 
R. Armstrong, C.£. Illustrated, is. 6d. 

82. THE POWER OF WATER, as appUed to drive Flout Mills, 
and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. 28.| 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 
of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6d. 

164. MODERN WORKSHOP PRACTICE, as appUed to Steam 

Engines, Bridges, Ship-building, Cranes, &c. By J. G. Winton. Fourth 
Edition, much enlarged and carefully revised. 3s. 6d.t [^ust published, 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 2S. 6d.} 

f66. POWER IN MOTION: Horse-Power, Toothed- Wheel Grearing, 
Long and Short Driving Bands, and Angular Forces. By T. Armour, 2S.| 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By J. Maxton. 7th Edn. With 7 Plates and 350 Cuts. 3s. 6d.» 

190. STEAM AND THE STEAM ENGINE, Stationary and 
Portable. Being an Extension of the Elementary Treatise on the Steam 
Engine of Mr^ohn Sbwell. By D. K. Clark, M.I.C.E. 3s. 6d.t 

200. FUEL, its Combustion and Economy. By C. W. Williams. 
With Recent Practice in theCombustion and Economy of Fuel — Coal, Coke, 
Wood, Peat, Petroleum, &c.— by D. K. Clark, M.I.C.E. 3s. 6d.* 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnbar Clark, M.I.C.E. x%X 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 
plating, and Calculating Boiler and Tank Work. By John Courtnby 
Practical Boiler Maker. Edited by D.K. Clark, C.E. 100 Illustrations. 2s, 

217. SEWING MACHINERY : Its Construction, History, &c., with 
full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 28.t 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 
Moulding, C<isting, Fornng, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. Second Edition. 2s. 6d.t 

236. DETAILS OF MACHINERY, Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campin, C.E. i%X 

237. THE SMITHY AND FORGE; including the Farrier's Art suid 

Coach Smithing. By W. J. £. Cranb. Illustrated. 2s. 6d.| 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &£. With 94 Diagrailis and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT : with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. 2s. 6d.^ 

254. THE BOILERMAKER'S READY-RECKONER, By J. 

Courtney. Edited by D. K. Clark, C.E. 4s., limp ; 5s., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING, A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael Reynolds, M.S.F . 
Eighth Edition. 3s. 6d., limp ; 4s. 6d. doth boards. 

256. STATIONARY ENGINE^DRiyiNG, A Practical Manual 

Engineers in charge of Stationary Engines. By MicfiAEL Reynolds, M.S.£. 
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN: then: Construc- 
tion and Erection. By Hamilton W. Pbndred, C.E. 2s. 

The X indtcates that these vols, may be had strongly bound at 6d. extra, 
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MINING, METALLURGY, KTG. 

4« MINERALOGY^ Rudiments of; a concise View of the General 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., &c. Third 
Edition, revised and enlarged. Illustrated. 3s. 6<l.t 

117. SUBTERRANEOUS SURVEYING, with and without the 3klag- 
netic Needle. By T. Fbnwick and T. Baker, C.E. Illustrated. 2s. 6d. % 

135. ELECTRO-METALLURGY; Practically Treated. By Alex. 
ANDBR Watt. Ninth Edition, enlarged and reused, with additional Illus- 
trations, and including the most recent Processes. 3s. 6d.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By Willla.h Morgans, as. 6d. 
\^^•. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. 

176. METALLURGY OF IRON Containing History of Iron Manu- 
£aicture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By U. Baubrman, F.G.S. Sixth Edition, 
revised and enlarged, ss.t [Just published. 

180. COAL AND COAL MINING. By the late Su- Warington W. 
Smyi'H, M.A., F.R.S. Seventh Edition, revised. 3s. 6d.t [Just published. 

IOC, 7HE MINERAL SURVEYOR AND VALUER'S COM^ 
PLETE GUIDE. By W. Lintbrn, M.E. Third Edition, including Mag- 
netic and Angular Surveying. With Four Plates. 3s. 6d.1: 

214. SLATE AND SLATE e£Mi?i?I7A^t?, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. 3s.t 

264. A FIRST BOOK OF MINING AND QUARRYING, with the 
Sciences connected therewith, for Primary Schools and Self Instruction. By 
J. H. CoLUNS, F.G.S. Second Edition, with additions, is. 6d. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— Tht Ordere and their ^Esthetic 

Principles. By W. H. Lbbds. Illustrated, is. 6d. 

17. ARCHITECTURE— STYLES— The History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to tha 
Present Period. By T. Talbot Bury, F.R.I. B. A., &c. Illustrated. 2s. 
%* Ordbrs and Styles of Architecturb, in One Vol,, ^s. 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplincd in the Works of the 

Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. 2s.6d. 

*«* The three preceding IVorhs, in One handsome Vol.^ half bound, entitled 

" Modern Architecture," price 6r. 

22. THE ART OF BUILDING, Rudhnents of. General Principles 
of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.t 

25. MASONRY AND STONE CUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.t 

42. COTTAGE BUILDING. By C. Brucb Allen, Architect. 

Eleventh Edition, revised and enlarged. With'a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.E. 2s. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnbll, C.E. Thirteenth Edition, is. 6d. 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings, Mines, 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., &c. Illustrated. 3s. 

III. ARCHES, PIERS, BUTTRESSES, &*€.: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, is. 6d. 

The t indicates that these vols, may be had strongly bound at td. extra. 
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Architecture, Building, etc., continued, 

Il6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the^rcfaitect and 
Builder. By T. Roger Smith, M.K.I.B.A.y Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO, In Ten Books. TransUted from the Latin by 
JosBPH GwiLT, F.S.A., F.R.A.S. With 23 Plates, ss. 

130. GRECIAN ARCHITECTURE, An In<iiiiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
%* Th€ ivoo preceding Works in One handsome K>/., half bound, entitled "Ancient 

Architecture," price 6s. 

132. THE ERECTION OF DWELLING-HOUSES. lUustrated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES &* MEASUREMENTS in Bricklayere', Masons', 
Plasterers', Plumbers'^ainters'.Papcrhangers', Gilders', Smiths*, Carpenters' 
and Joiners' Work. By A. C. Beaton, Surveyor. Ninth Edition, is. 6d. 

175. LOCTKWOOD'S BUILDER'S PRICE BOOK FOR 1892. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re- constructed. Re-written, and 
further Enlarged. By Francis T. W. Miller, A.R.I.B.A. 700 pages. 
3s. 6d. ; cloth boards, 4s. [Just Published. 

182. CARPENTRY AND WINERY— llBX, Elementary Prin- 

ciPLBS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold. C.E. With a TREATISE ON JOINERY by E. 
Wyndhah Tarn. M.A. Fifth Edition, Revised. 3s. 6d.f 

i82». CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 

New Edition. By G. H. Guillaume. Illustrated. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers, &c., and a Collection of Useful Receipts. By Ellis A. Davidson. 
Sixth Edition. With Coloured Plates 5s. cloto limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles: Arch Drawing, Cutting, and Setting: 
Pointing; Paving. Tiling, Materials; Slating and Plastering | Practical 
Geometry, Mensuration, &c. By Adam Hammond. Seventh Edition, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage and Ventilation. Sixth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER*S STANDARD GUIDE. By R. E. Grandy. m. 

S06. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theoiy of Domes and the QxeaX Pjnrami^ 
9tc. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. 4s> 6d4 

226. THE yOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Work 4. By 
Wyvill J. Christy, Architect. With upwards of 160 Engravings on Wood. 3S.I 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 
By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, is. C<d. 

The t indicates that these vols, may be had strongly bound at 6d, extra. 
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Architecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, flee. By J. W. Facby. 2s. 

257. PRACTICAL HOUSE DECORATION. A Guide to the Art 

of Ornamental Painting. By Jambs W. Facby. as. 6d. 
*«* Tk€ hoo preceding- IVorks, in One handsome VoL^ half- bounds entitled** Housb 
Dbcoration, Elbmbntaky and Practical," price $s. 

230. HANDRAILING. Showing New and Simple Methods for finding 

the Pitch of the Plank, Drawing the Moulds, Bevelling, Tointing-up, and 
Squaring Uie Wreath. By Gborgb Colungs. Second Edition, Revised 
including A Trbatisi on Stairbuilding. Plates and Diagrams. 2s. 6d« 

247. BUILDING ESI A TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land. By 
Fowlbr Maitland, Surveyor. Second Edition, revised, ss. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Third Edition, corrected. Illustrated. 2s. 

252. BRICKWORK : & Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting^ &c. By F. 

Walker. Second Edition, Revised and Enlarged, zs. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Compiising : 

189. Brick and Tilb Making, by E. Dobson, A.I.C.E.; Practical Brickuly- 

165. ING, by A. Hammond ; Brickcuttino and Setting, by A. Hammond. 534 

pp. with 270 Illustrations. 6s. Strongly half-bound. 
til. THE TIMBER MERCHANT'S, SAW-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &c By 
M. Powis Bale, A.M.Inst.C.E. 3s.t 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature.. 
By George Collings. Second Edition, 28. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black. With 222 Illus- 
trations. 2S. 6d.t 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By Gborgb H. Btj^grovr. is. 6d. lyust Published. 

265. THE ART OF PRACTICAL BRICK CUTTING &* SETTING^ 
By Adam Hammond. With qo Engravings, is. 6d. [Just published. 

267. THE SCIENCE OF BUILDING : An Elementary Treatise on 
the Principles of Construction. Adapted to the Requirements of Architec- 
tural Students. By £. Wyndham Tarn^ M.A. Lond. Third Edition, Revised 
and Enlarged. With 59 Wood Engravings. 3s. 6d.t [Just published. 

271. VENTILATION : a Text-book to the Practice of the Art of 
Ventilating Buildings, with a Supplementary Chapter upon Air Testing. By 
William Paton Bucuan, R.P., Sanitary and Ventilating Engineer, Author 
of " Plumbing," &c. 3s. 6d.t [Just published. 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE. An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Constmo 
tion. By J. Pbakb. Fifth Edition, with Plates and Diagrams, jsi 6d.t 

53». SHIPS FOR OCEAN <&* RIVER SER VICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. is. 6d» 
S3»». AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 
54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS^ 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
flee., relative to every class of vessels. By Robert Kipping, N.A. 2s. 

The X indicates that these Tfols. may be had strongly bound at td, extra 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

54*. IRON SHIP-BUILDING. With Practical Examples and Details. 
By JOHH Grantham. C.E. Fifth Edition. 4s. 
SS-.TllE SAILOR'S SEA BOOK: a R.u(iimentary Treatise on 
Navigation. By Jambs Grbbnwood, R^, With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. Hy W. H. Rossbr. 2s. 6d.t 

80. MARINE ENGINES AND STEAM VESSELS. By Robert 

Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Gborgb Carlislb, C.E. 4s. 6d. limp ; 5s. cloth boards. 
Z^bis. THE FORMS OF SHIPS AND BOATS. By W. BLAND. 
Seventh Edition, Revised, with numerous Illustrations and Models, is. 6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, m Theory 

and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. , . 

106. SHIPS* ANCHORS, sl Treatise on. By G. Cotsell, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sizes of Ropes ; Masting, Rigging, 
and Sails of Steam Vessels, &c. xath Edition. By R. Kipping, N.A., 2s. 6d.t 
155. ENGINEER'S GUIDE TO THE ROYAL &* MERCANTILE 
NAVIES. By a Practical Enginbbr. Revised by D. F. M'Carthy^ 3s. 
5c PRACTICAL NAVIGATION. Consisting of The Sailor's 
^ Sea- Book. By Jambs Grbbnwood and W. H. Rossbr. Toother with 
2QJ. ^® requisite Mathematical and Nautical Tables for the Workme of the 
*"*• Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 

61*. A COMPLETE READY RECKONER FOI^ THE ADMEA- 
SUREMENT OF LAND, &c. By A. Arman. Third Edition, revised 
and extended by C. Norris, Surveyor, Valuer, &c. 2S. 

131. MILLER'S, CORN MERCHANTS, AND FARMER'S 

READY RECKONER. Second Edition, with a Price List of Modem 
Flour-Mill Machinery, by W. S. Hutton, C.E. 2s. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

MoDBRN Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2.0utlinbsofModbrn Farming.) By R. Scott BuftN.' 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OUTLINBS OF MODBRN FARMING.) By R. ScOTT BURN. WoodcutS. 2S. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the; By 

R. Scott Burn. (Vol. 4. Outlinbs of Modbrn Farming.) 2s« 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlinbs of Modbrn 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
%* Not. 140- 1 -2-5-6, tn One Vol.y handsomely half-bound, entitled "Outlinbs ov 
Modbrn Farming." By Robbrt Scott Burn. Price 12s. 

177, FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Gbo. Glbnny. 187 Woodcuts. 3s. 6d.$ 

198. SHEEP; THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fifth Edition, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. By George M.F. 

Glbnny. Illustrated, is. 6d.t 
207. OUTLINES OF FARM MANAGEMENT, and the Organi'^ 
zation of Farm Labour. By R. Scott Burn. 2s. 6d.t 
' 208, OUTLINES OF LANDED ESTATES MANAGEMEN7 

By R. Scott Burn. 2s. 6d. 
%* Nos. 207 6f 208 in One Vol., handsomely ha^- bound, entitled ** Outltnrs ov 
Landbd Estates and Farm Managbmbnt." By R. Scott Burn. Price 6s, 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
7, stationers' HALL COURT, LUDGATE HILL, E.C. 



8 W£ALS*S RUDIMENTARY SERIES. 

Agriculture, Gardening, etc., continued, 

209. IHE TREE PLANTER AND PLANT PROPAGATOR. 
A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering^ Shrubs, Flowering Plants, 8cc. By Samuel Wood. 28. 

SIC. THE TREE PRUNER, A Practical Manual on the Pruning of 
Fmit Trees, including also their Training and Renovation ; also the Pruning 
of %mbs, Climbers, and Flowering Plants. By Samuel Wood. is. 6d. 

%* AIw. 909 &* szo in One VoL^ handsomely half- bound, entitled "The Trbe 
Planter, Propagator, and Prunbr." By Samuel Wood. Price ^s. 6<1. 

S18. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c. 
By John Steele. Fourth Edition, ss. 

S2S. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms^ adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. hyProi John Donaldson and R. Scott Burn. 3s. 6d.t 

131. THE ART OF GRAFTING AND BUDDING. By Chari.ks 

Bali ET. With Illustrations. 2S. 6d.t 

132. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Ciardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 

«i4. MARKET AND KITCHEN GARDENING, By C. W. Shaw, 
riate Editor of " Gardening Illustrated." i%.X \Just published. 

139. DRAINING AND EMBANKING, A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at Ae 
Royal Agricultural College, Cirencester. With 68 Illustrations. is« 6d. 

«40. JRRIGA TION AND WA TER SUPPL Y. A Treatise on Water 
Meadows, Sewage Irrigation, and Warping; the Construction of W^ls, 
Ponds, and Reservoirs, &c. By Prof. John Scott. With 34 Illus. is. 6d. 

141. FARM ROADS, FENCES, AND GATES, A Practical 
Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

343. FARM BUILDINGS. A Practical Treatise on the Buildings 
necessary for various kinds of Farms, their Arrangement and Constructioii, 
with Plans and Estimates. By Prof. John Scott. With 105 Illus. 2s. 

343. BARN IMPLEMENTS AND MACHINES, A Practical 

Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machines used in the Threshing- bam, in the Stock-yard, and m the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

344. FIELD IMPLEMENTS AND MACHINES, A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction^heir Points of Excellence, and Management. By Professor Johm 
Scott. With 138 Illustrations. 2s. 

345. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land SurTe3ring, Levelling, and Setting-out ; and on Measuring and Ssti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 

%• Not, 239 to 245 in One Vol., handsomely half-bound, entitled " The Couvubtb 
Tbxt-Book of Farm Engineering.'* By Professor John Scott. Price 12s, 

«50. MEAT PRODUCTION. A Manual for Producers, Distributors, 
&c. By John Ewart. 2s. 6d.t 

266. BOOK-KEEPING FOR FARMERS &* ESTATE OWNERS. 
By T. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp ; 33. 6d. 
cloth boards. \,Jusi published^ 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testine, and Use concisely Explained. By T. F. 
Hbathbr, M.A. Fourteenth Edition, revised, with additions^ by A. T. 
Walmislbv; M.I.C.E., Fellow of the Surveyors' Institution. Original £di« 
tion, in i vol.. Illustrated. 2s.t [Just published, 

\* In ordering the above^ becarefulto say, " Original Edition " \No. 32), ^ disttu- 
guish it from the Enlarged Edition in 3 vols. {Nos, 168-9-70.) 

y6. DESCRIPTIVE GEOMETRY, an Elementaiy Treatise on; 
with a Theory of Shadows and of Perspective, extracted trom the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Hbathbr, M.A. Witn 14 Plates. 2S. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Fibres contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 2x5 Woodcuts. 2S. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
I1I.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Eleventh Edition, xs. 6d. 
84*. A Kby to the above, containing Solutfons in full to the Exercises, t^ether 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipslby. ss. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s. 
86*. A Kby and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89, and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Hbnry Law, C.E. 2s. 6d.t 

•♦* Sold also separately f vtz. .•— 

88. EucuD, The First Three Books. By Hbnry Law, C.B. is. 6d. 

89. EucuD, Books 4, 5, 6, 11, 12. By Hbnry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS. 

By Jambs Hann. A New Edition, by Professor J. R. Young. 2S.t 

91. PLANE TRIGONOMETRY, the Elements of. By Jame^ 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By Jambs 

Hann. Revised by Charlbs H. Dowlino, C.E. is. 
%• Or with " The EUments of Plane Trigonometry,'^ in One Volume, 2*. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modern Engineering. By T. 
Bakbr, C.E. New Edition by E. Nugbnt, C.E. Illustrated, is. 6d. 

fOi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSB, F.R.A.S., &c. IS. 6d. 
I03. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HOMBRSHAM Cox, B.A. Illustrated, is. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by A. Arman. is. 6d. 
X37. A Kby to Haddon's Rudimbntary Arithmbtic. By A. Arman. is. 6d. 

The % indicates that these vols, may be had strongly bound at bd, extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 



lO WKALS'S RUDIMENTARY SERIES. 

Mathematics, Arithmetic, etc., continued, 

i68. DRAWING AND MEASURING INSTRUMENTS. Includ- 
ing— I. Instruments employed in Geometrical and Mechanical Drawing^, 
and in the Constmction, Copyin^f, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employe in Astronomical Observa- 
tions. By J. F. Hbathbr, MA. Illustrated, zs. 6d. 
%• Tk* above three volumes form an enlargement of the Author's original worJk 
"Mathematical Instruments.** (See No. 32 in the Series.) 

i€A.-i MATHEMATICAL INSTRUMENTS. By J. F. Heather^ 

169. V M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 

I70.y aboTe, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 

lull, easy, and simple Instructions to perform all Business Calculations wiu 

unexampled rapidity and accuracy. By Charlbs Hoarb, C.£. Fifth 

Edition. With a Slide Rule in tuck of cover, as. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities,*&c. By F^DOR Thoman. Fourth Edition. 43.^ 

199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together'with Useful Tames. By 
D. O'GoRMAN. Twenty-seventh Edition, carefully revised by C. NOR&IS. 
2s. 6d., cloth limp ; 3.S. 6d., strongly half-bound in leather. 

204. MATHEMATICAL r^^^X^^', lor Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is pr^xed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s. 
204*. LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomicah and Nautical Calculations. ByHBNRvLAW,M.Inst.CJ£. New 
and Revised Edition. (Formingpartof the above Work). 3s. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Seventh Edition, as. 6d.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE AR TS. Illustrating the various processes of Mathematical Investi- 
nition, by means of Arithmetical and Simple Algebraical £<juations and 
Practical Examples. Bv Francis Campin. C.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By IVofessor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMLiNSON. Woodcuts, zs. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

UNSON. Illustrated, is. 6d. 

7. ELECTRICITY ; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.K.S., &c. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 

7». GALVANISM. By Sir W. Snow Harris. New Edition by 
RoBBRT Sabine, C.E., F,S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magneticai Science. By Sir W. Snow Harris. New Editioa, 
revised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d.t ;; 

The t indicates that these vols, may be had strongly bound at 6d. extra. 



LONDON: CROSBY LOCKWOOD AND SON, 



WEALE'S rudimentary series. IX 

Physical Science, Natural Philosophy, etc., continued, 

II. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Sabinb, C.£., F.S.A. 3s. 

11, PNEUMATICS^ including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners By Charles Tomunson, F.R.S. 
Fourth Edition, enlarged. •Illustrated, is. 6d. [Jttst ^bltsked. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. Witb 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodjrnamics, and 
Central ^rces. By T. Baker, C.E. Fourth Edition, is. 6d. 

, 173. PHYSICAL GEOLOGY, partly based on Major-General Port- 
lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8cc. Woodcuts. 2s. 

174, HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuts. 2s. 6d.. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments of 

174. Geology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 48. 6d.* 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.CL.,. 

Si formerly Professor of Natural Philosophy and Astronomy in University 

.0 . College, Lend. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

* ^ %* Sold also in Two Parity as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I. — ^VH. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII. — ^XVlII. 3s. 

269. LIGHT: an Introduction to the Science of Optic-, for the Use of 
Students of Architecture, Engineering, and other Applied Sciences. By E.. 
Wyndham Tarn, M.A. is. 6J. I3^usl published. 



FINE ARTS. 

ao. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By Georob Pyne. 2s.. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS, From the German of Dr. Gbssert and Emanuel Otto From^ 
BERO. With an Appendix on The Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With< 
numerous Examples. By Charles Child Spencer, as. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charlbs Child Spencer. is.6d.. 
iiif^*lU MUSIC is' THE PIANOFORTE, In one vol. Half bound, 5s.. 

181. PAINTING POPULARLY EXPLAINED, includmg Fresco, 
Oil, Mosaic, Water Colour, Water- Glass, Tempera, Encaustic, Miniature., 
Painting on Ivory, Vellum. Pottery, Enamel, Glass. &c. With Historical- 
Sketches of the Progress 01 the Art b^ Thomas John Guluck, assisted by 
John Timbs, F.S.A. Fifth Edition, revised and enlarged, ffl.% 

186. A GRAMMAR OF COLOURING, applied tc Decorative 
Paintinf and the Arts. By George Field. New Edition, enlarged and' 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. y&.X 

146. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting. Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on the Copyists^ 
and Imitators of each Master. By Philippb Daryl. es. 6d.t 

The X indicates thai these vols, may he had strongly bound at 6d. extra, 
7, stationers' HALL COURT, LUDGATE HILL, E.C. 



12 WIALS'S RUDIMENTARY SERIES. 

INDUSTRIAL AND USEFUL ARTS. 

SJ. BRICKS AND TILES, Rudimentary Treatise on the Manu£u:- 

tore of. By £. Dobson, M.R.I.B.A. lUnitrated, 334 
67, CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Bbckbtt, LL.D., Q.C. Seventh Edition, revised and en- 
larged. iS. 6d. limp: cs. 6d. cloth boards. 
83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs, and £dit«l by Charles Tomunson. F.R.S. ss. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Turning, Filing, Boznishing, 
Bronsing, &c. With copious Receipts, &c. By Walter Graham. ss.t 

105. THE ART OF LETTER PAINTING MADE EASY. Bv 
T. O. Badenoch. Illostrated with 12 full -page Engravings of Examples, xs. 6d- 

lis. THE GOLDSMIIHS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By Gborob E. Gee, xa.t 

125. THE SILVERSMITHS HANDBOOK, containing fuU In- 
structions for the Alloying and Working of Silver. By George E. Gbb. Jfl't 
\* Th€ two preceding Works, in One handsome Vo*,, half-bound^ entitled " Thb 
Goldsmith's & Silversmith's Complete Handbook,'* fs. 

249. THE hall-marking OF yEWELLERY PRACTICALLY 
CONSIDERED, By George E. Gee. 3s.t 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burgess. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.| 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bedford I.eno. Numerous Illustrations. Third Edition. 2s. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formulae, 
Tables, Receipts, &c. By Charles Hunter. Third Edition. 3S.I 
270. WOOD ENGRAVING : A Practical and Easy Introduction to 
the Study of the Art. By W. N. Brown, zs. 6d. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECIURB^ 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHAB- 
OLOGY, the FINE ARTS, <&-«:. By Tohn Weale. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 3s.* 

112. MANUAL OF DOMESTIC MEDICINE. By R. GOODINO, 
BJ\.., M.D. A Family Guide in all Cases of Accident and Emergency ss. 
«12*. MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THB 

HUMAN UNDERSTANDING, With Notes by S. H. EanfBNS. ss. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
Tames Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION. By lilajor 

W. W. Knollys, F.R.G.S. With 163 Woodcuts. 3s.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Housdiold Work, I>aity 
Management, &c. By An Old Housekeeper. 3s. 6d.t 

i94» HOUSE BOOK {The). Comprising :— I. The House Manager. 

1 12 & Bv an Old Housekeeper. II. Domestic Medicine. By R. GrOODiMa, M.D. 
f 1 2* . III. Management op Health. By J. Baird. In One Vol., half-bonnd, 6s. 

The X indicates that these vols may be had strongly hound at 6d, extra. 
LONDON: CROSBY LOCKWOOD AND SON, 
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EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 

I, England, Outlines of the History of; more especially with 

reference to the Oriein and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloUi boards, 6s. 

5* Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2S. 6a. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the EarKest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events In English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fourth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan 
18U1 Edition, is. 6d. 

49. Derivative Spelllng-Book s Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAH, F.R.A.S. Improved Edition, is. 6d. 

SI. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 8th Edition, carefully corrected. 2s.6d. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a BrietTreatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools. 
Introductory Primbr, 3</. 



s. d. 

First Standard . .06 
Sbcond „ . . o 10 

Third . .10 



s, d. 

Fourth Standard . ..13 
Fifth ' ,,....16 
Sixth „ . . . .16 

Lbssons from thb Biblb. Part I. Old Testament, is. 

Lessons from thb Bible. Part II. New Testament, to which is added 

The Geography of the Bible, for very young Children. By Rev. C. 

Thornton FoRSTER. is. 2d. %* Or the Two Parts in One Volume, as. 



7, stationers' hall court, ludgate hill, E.g. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 
Genders of French Nonns. By G. L. Strauss, Fh.D. is. 6d. 

35. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering:, Mining, fltc. By Alfred Elwbs. is. 6d. 

36, Englic^- French Dictionary. By Alfred Elwks. 2s. 
15,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 4s. 6d. 
47. French and English Phrase Book ; containing Intro- 

dnctory Lessons, widi Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, zs. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germanv; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. xs. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. English-Ger- 
man-French. Part III. French-German-English. 3s., or cloth boards, 4s. 
41-43 German Triglot Dictionary (as above), together with German 

& 39. Grammar (No. 39), in One Volume, cloth boards, 5s, 

ITALIAN- 

27. Italian Grammar, arranged in Twenty Lessons, with a Comse 

of Exercises. By Alfrbd Elwbs. zs. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. ByALFRXD Ei.wbs. 
Vol. z. Italian-English-French. 28.6d. 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred ElWSs. Vol. 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Fomu With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large numberof Technical Terms used in Mining, Engineering, &c. 
with the proper Accents and the Gender of every Noun. By Alfred Elwbs 
4s. ; cloth boards, 5s. %• Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs. zs. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, 8cc., with the proper Accents and the Gender of every Noun. 
By Alfred Elwbs. Second Edition, Revised, 5s. ; cloth boards, 6s. %• Or 
with the Grammar, cloth boards, 7s. 

HEBREW- 

46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, JBiblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 68. 

46. English and Hebrew Dictionary. By Dr. Beesslatl js. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 
46*. the Grammar, cloth boards, 12s. 

LONDON : CROSBY LOCKWOOD AND SON, 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M^., Head Master of the Greenwich Proprietary School, zs. 6d. 

ao. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. ^s. 

S2, English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin firom the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
so,22. Latin Dictionary ^s above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, zs. 6d; 

2. Csesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius N epos. With Notes. By H.. Young, is. 

4. Virgilil Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, zs. 6d. 

5. Yirgilli Maronis .ZEneis. With Notes, Critical and Explanatonr, 

by H. Young. New Edition, revised and improved With copious Adm- 
tional Notes by Rev. T. H^L. Lbary, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 
S* -^— Part 1. Books i.— ^., zs. 6d. 
S** Part 2. Books ^.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, zs. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. zs. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by "W. M. Donnb, B.A., Trin. Coll., Cam. zs. 6d. 

9. Terentli Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 
fo. Terentli Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. as. 

11. Terentli Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev 
Jambs Davibs, M.A. zs. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith 
M.A., F.R.G.S. 2s. 

16. Livy ; History of Rome. Notes by H. Young and W. B. Smith, 

MA. Part z. Books i., ii., zs. 6d. 
i6*. — — Part 2. Books iii., iv*, v., zs. 6d. , 
17. Part 3. Books xxi., xxii., zs. 6d. 

19. X4atin Verse Selections, from Catullus, Tibullus, Propertius, 

and O^d. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 2S. 
,20. X4atin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Vale||us Maximus Sueto- 
nius, Apt^eius, &c. Notes by W. B. Donnb, M^^. 2s. 

«i. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscOTT, B.A., Lecturer on Logic at King's College, London. . 2S. 
7, stationers' HALL COURT, LXJDGATE HILL, E.C 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claudb Hamilton. zs.6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. ByHsKRV R. 
?^^"°!t- , '^9^'Ji- Gw^k-English, as. 6d. ; Vol. a. English-Greek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards. 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. .One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical AnthoiSy 

with Genealogical Vocabularies and Explanatory Notes, byH. Young. Kew 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
2, 3. Xen option's Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books it. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 
5-12. Homer, The Works of. According to the Text of Baeumlbin. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L* 
Lbary, M.A., D.C.L. 
Thb Iliad : Part i. Books i. to vi.^ is.6d. Part 3. Books xiii. to zviii., xs. 6d 
Part 2. Books vii. to xii., is. 6d. Part 4. Books xiz. to xxiv., xs. 6d. 
Thb Odyssby: Part i. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., xs. 6d. 
Part 2. Booksvii.toxii., IS. 6d. Part 4. Books xix. to zxiy., and 

Hjrmns, 2s. 

13. Plato's Dialogues: The Apology of Socrates, the Crito, and 
the Phxdo. From the Text of C. F. Hbrkann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs *Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminaiy Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary. M.A., D.C.L. 

Part I. Books i.^ ii. (The Clio and Eutetpe), 2s. 

Part 2. Books iii., iv. (The Thalia and Melpomene)^s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

1 8. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milnbr, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorp. With Notes, Critical and Explanatory, by W. Brownrigg Smith. 
M.A., F.R.G.S. is.6d.' 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory^ by John Milnbr, B.A. is. 6d. 
30. ..edschylus : Prometheus Vmctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jambs Davibs, M.A. xs. 

32. -.eEschylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. is. 

40. Aristophanes ; Achamians. Chiefly from the Text of C. H. 

Wbisb. With Notes, by C. S. T. Townshend, M.A. is. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. 6d. 

42. Xenophon's Panegyric on Agesilaus. Notes ard Intro- 

duction by Ll. F. W. Jbwitt. is. 6d. , ., ^, .,. . 

43. Demosthenes. The Oration on the Crown and the Phihppics. 
With English Notes. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar of 
Brasenose College, Oxford, is. 6d. 
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